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(54) Wind turbine with active blade swept area control 



(57) A wind turbine characterized in being able to 
vary active annular plane area by composing such that 
blades are attached to a cylindrical rotor movable in the 
radial direction of the rotor, the blades being reciprocat- 
ed in the radial direction by means of a blade shifting 
mechanism connected to the root of each blade, or the 
blade itself is divided so that the outer one of the divided 



blade is movable in the radial direction. 

With the construction, the wind turbine can be op- 
erated with a maximum output within the range of evad- 
ing fatigue failure of the blades and rotor by adjusting 
active annular plane area in accordance with wind 
speed. 
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Description 

BACKGROUND OF THE INVENTION 
[Field of the invention] 

[0001] The present invention is applied to a wind tur- 
bine generator and relates to a wind turbine having a 
plurality of blades attached to a rotor, the rotating force 
generated by allowing wind force to act on the blades 
being transmitted to the output shaft of the rotor, wherein 
a controller of active annular plane area is provided for 
making it possible to change the active annular plane 
area of wind turbine by reciprocating each of the blades 
in radial direction or by slanting the rotor and the oper- 
ating method thereof. 

[Description of the Related Art] 

[0002] A wind turbine power plant having high capac- 
ity of generating electric power by installing a plurality 
of wind turbine electric power generator units each of 
which utilizes the rotating force generated by applying 
wind force to a plurality of blades attached to a rotor to 
drive a generator via the wind turbine shaft, is construct- 
ed on at high elevation such as the top of a hill or moun- 
tain or at a place where high wind velocity can be re- 
ceived such as above the sea. 

[0003] The wind turbine apparatus used for driving a 
electric generator or other purposes is constructed, as 
shown in FIG. 1 of patent document 1 (Japanese Patent 
Application Publication No.5-60053) and In FIG.1 of pat- 
ent document 2 (Japanese Patent Application Publica- 
tion No.5-60053)), such that a plurality of blades are at- 
tached to the periphery of a rotor head and the rotating 
force generated by wind force is transmitted to the tur- 
bine shaft via the rotor head. Desired or determined 
electric power generation is maintained by changing the 
pitch angle of the blades attached to the rotor in accord- 
ance with the wind speed and required electric power 
while controlling to adjust the blade pitch angle to the 
angle optimal for the wind speed blowing when the ap- 
paratus is in operation. 

[0004] In the wind turbine of FIG. 1 of patent docu- 
ment 3 (Japanese Patent Application Publication No. 
2001 -99045), blades are attached to a rotor head such 
that the blades are supported for rotation via bearings 
fixed to the rotor head, bevel gear mechanism is provid- 
ed inside the rotor head to be driven by a servomotor. 
The pitch angle of the blades is changeable by rotating 
the blades relative to the rotor head by the servomotor 
via the bevel gear mechanism. 

[0005] The output power of the wind turbine generat- 
ed by the action of wind is about proportional to active 
annular plane area, i.e. the area of the annular plane 
formed between the circumscribed circle of the blade 
tips and the inscribed circle of the blade roots. 



S = 7c(L 2 -l 2 ) (1) 

where S is active annular plane area, L is radius of the 
circumscribed circle, and I is radius of the inscribed cir- 
cle. 

[0006] In order to increase the output power of a wind 
turbine, it is required that radius L is increased or the 
difference between L and I, that means the length of the 
blade is increased. 

[0007] The power P w that the wind passing through 
active annular plane area S has, is 

P„ = KSV 3 (2) 

where V is wind speed, and k is air density divided by 2. 
[0008] As wind speed depends on weather conditions 
at the location of the wind turbine, the output of the wind 
turbine, that is the electric power generated in the case 
of wind turbine electric generator, can be increased by 
increasing active annular plane area. 
[0009] However, in the case the active annular plane 
area is increased for increasing output power, the rotat- 
ing components such as the blades and rotor are more 
likely to be broken by fatigue failure owing to be subject- 
ed to repeated excessively fast wind speed V of a gust 
of wind, etc. which sometimes occurs according to 
weather conditions, although the output is increased. 
[001 0] With the prior arts disclosed in said patent doc- 
uments 1 and 2, as the blades is fixed to the rotor head 
of a somewhat larger diameter than the rotor shaft, it is 
difficult to design a longer blade, that is, to increase ra- 
dius L, so that there is a limit for increasing the output 
of a wind turbine. Further, when blade length is in- 
creased to the maximum to increase active annular 
plane area for increasing the output of the wind turbine, 
the rotating components such as the blades and rotor 
tend to be broken by fatigue failure due to repeated oc- 
currence of a gust of wind, etc. of excessively increased 
speed. 

[0011] The wind turbine of said patent document 3 
has a means for changing blade pitch angle by rotating 
the blades relative to the rotor head, however, the active 
annular plane area is not variable but constant, and 
there remains also the problem that the rotating compo- 
nents such as the blades and rotor tend to be broken by 
fatigue failure owing to be subjected to repeated exces- 
sively increased speed of a gust of wind, etc. 

SUMMARY OF THE INVENTION 

[001 2] The first objective of the present invention is to 
provide a wind turbine with which active annular plane 
area of blades is variable corresponding to wind speed 
by changing the radial positioning of the blades and the 
output of the wind turbine can be maintained at a max- 
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irnum within the range of evading the occurrence of fa- 
tigue failure. 

[0013] The second objective of the present invention 
is to provide a wind turbine with which active annular 
plane area of blades is variable corresponding to wind 
speed by changing the effective length of blades and 
the output of the wind turbine can be maintained at a 
maximum within the range of evading the occurrence of 
fatigue failure. 

[0014] The third objective of the present invention is 
to provide a wind turbine with which active annular plane 
area of blades is variable corresponding to operating 
conditions such as wind speed, etc. and at the same 
time corresponding to the stress of the rotating compo- 
nents of the wind turbine by changing the effective 
length of blades and the output of the wind turbine can 
be maintained at a maximum within the range of evading 
the occurrence of fatigue failure. 
[0015] The fourth objective of the present invention is 
to provide a wind turbine which is provided with an active 
annular plane area adjusting device which makes it pos- 
sible to change active ann ular plane area corresponding 
to the speed of the wind in the direction of the axis of 
rotation of the rotor head of the wind turbine by connect- 
ing the blades to the rotor head by means of rotatable 
connecting elbows and the output of the wind turbine 
can be maintained at a maximum within the range of 
evading the occurrence of fatigue failure. 
[001 6] The fifth objective of the present invention is to 
provide a wind turbine with which active annular plane 
area of blades is variable corresponding to wind speed 
by tilting the blades toward the axis of rotation and the 
output of the wind turbine can be maintained at a max- 
imum within the range of evading the occurrence of fa- 
tigue failure. 

[0017] To attain the objectives, the wind turbine is 
composed as follows. 

[0018] The first means of the present invention is a 
wind turbine with an active annual plane area control 
mechanism comprising a plurality of blades attached to 
a rotor for transmitting the wind force acting on the 
blades to the output shaft of the wind turbine connected 
to the rotor, wherein said rotor is formed in a cylindrical 
shape, said blades are attached to said rotor movable 
in the radial direction of the rotor, a blade shifting mech- 
anism is connected to the roots of said blades for recip- 
rocating said blades in the radial direction, and active 
annular plane area is changeable by moving said blades 
in the radial direction through said blade shifting mech- 
anism. 

[0019] The rotor of said wind turbine has preferably 
radial fit holes located at an equal spacing in the circum- 
ferential direction, said blades are received in said radial 
fit holes for reciprocation, and said blade shifting mech- 
anism is provided in the hollow of said rotor. 
[0020] Said wind turbine is preferably provided with a 
wind speed detector for detecting the speed of the wind 
acting on said blades and a control device which re- 



ceives the detected wind speed from said wind speed 
detector, calculates a desired active annular plane area 
and the radial position corresponding to said active an- 
nual plane area on the basis of said detected wind 
5 speed, and outputs the result to said blade shifting 
mechanism. 

[0021] Said blade shifting mechanism preferably 
comprises a plurality of screw bars received for rotation 
in radial holes provided in the cylindrical wall of said ro- 
io tor, sleeves each of which is engaged with each of the 
screw bars, links each of which connects each of said 
links and said blades, pinions each of which is fixed to 
each of said screw bars at the inner side part thereof , 
and a driving gear meshing with said pinions and driven 
15 by a driving device such as a motor; and said blades are 
reciprocated in the radial direction through the expan- 
sion orcontraction of said links resulting from the shifting 
of said sleeves by the rotation of said screw bars when 
said driving gear is rotated by said driving device. 
20 [0022] Further, said blade shifting mechanism prefer- 
ably comprises a supporting element located in the cent- 
er part of said rotor; pairs of links capable of being ex- 
panded or contracted, each pair connecting the root of 
each blade to said supporting element, screw bars each 
connecting one side of each of said pairs of links, and 
driving devices such as motors for rotating said screw 
bars; and the radial position of said blades is changea- 
ble by expanding or contracting said pairs of links 
through rotating said screw bars by said driving devices. 
[0023] Yet further, said blade shifting mechanism 
preferably comprises two rings, an outer ring and an in- 
ner ring, provided concentric with the center axis of said 
rotor rotatable in the direction contrary to each other, 
pairs of links capable of being expanded or contracted, 
each pair connecting the root of each blade to the outer 
ring with one of the pair and to the inner ring with the 
other of the pair, a driving device for rotating said two 
rings in the direction contrary to each other, and a sup- 
porting element located in the center part of said rotor 
and supports one of said rings; and said blades can be 
reciprocated in the radial direction by expanding or con- 
tracting said pairs of links through rotating said rings in 
the direction contrary to each other. 
[0024] Still further, said blade shifting mechanism 
preferably comprises a slider received in a slider receiv- 
er fixed to the rotor 2 for sliding in the radial direction of 
the rotor, the slider having a screw thread hole directed 
in the radial direction, links each of which has a curved 
convex surface at an end thereof to be engaged in a 
convex of curved surface formed in said slider receiver 
to be supported for swinging, the other end having an 
elongated hole through which the link is connected to 
the lower end part of the blade via a pin fixed to said 
lower part, a screw bar engaged with said screw thread 
hole of said slider, and a driving device such as a motor 
for rotating said screw bar; and the blades can be recip- 
rocated in the radial direction via said elongated hole 
and said pin engaging in said hole by moving said slider 
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in the radial direction in said slider receiver through ro- 
tating said screw bar by the rotation of said driving de- 
vice. 

[0025] The second means of the present invention is 
an operating method of the wind turbine with an active 
annual plane area control mechanism comprising a plu- 
rality of blades attached to a rotor for transmitting the 
wind force acting on the blades to the output shaft of the 
wind turbine connected to the rotor, wherein the speed 
of the wind acting on the wind turbine is detected, and 
the blades attached to the rotor capable of being moved 
in the radial direction of the rotor are moved in radial 
outward directions to increase active annular plane area 
as the detected wind speed decreases and the blades 
are moved in radial inward directions to decrease active 
annular plane area as the detected wind speed increas- 
es. 

[0026] The third means of the present invention is a 
wind turbine with an active annual plane area control 
mechanism of darrieus type wind turbine which has sup- 
porting elements provided along a vertical wind turbine 
shaft and a stage or a plurality stages of a plurality of 
sets of blades each of which is supported by said sup- 
porting elements at both ends thereof and located along 
said vertical wind turbine shaft, said wind turbine shaft 
being rotated by the aerodynamic lift effected by the 
wind acting on said blades, wherein said supporting el- 
ements are capable of being shifted in the radial direc- 
tion perpendicular to said wind turbine shaft, a blade 
shifting mechanism is provided for changing the radial 
position of said set of blades by shifting said supporting 
elements in the radial direction, by which the radius of 
rotation of said blades can be changed. 
[0027] Said wind turbine of the third means are pref- 
erably provided with a wind speed detector for detecting 
the speed of the wind acting on said wind turbine and a 
control device which calculates the desired active annu- 
lar plane area and the shift amount to realize said de- 
sired active annular plane area and allows the blades to 
be shifted in radial outward directions by shifting said 
supporting elements through said blade shifting mech- 
anism in order to increase active annual plane area as 
said detected wind speed decreases, allows the blades 
to be shifted in radial inward directions in order to de- 
crease active annual plane area as said detected wind 
speed increases. 

[0028] Said blade shifting mechanism in the third 
means preferably comprises screw bars erected upright 
parallel to said vertical wind turbine shaft, each screw 
bar having right-hand and left-hand screw thread parts 
cut by turns along the bar, one or a plurality of pairs of 
shifting elements, one of the pair being engaged with 
the right-hand or left-hand threads of the two screw bars 
and the other being engaged on the contrary with the 
left-hand or right-hand threads of the two screw bars so . 
that the pair of the shifting elements move in the direc- 
tion contrary to each other by the rotation of said screw 
bars in the same direction, pairs of links each for con- 



necting each supporting element to each of the pair of 
shifting elements, and a driving device for rotating said 
screw bars; and the blades can be shifted in the radial 
direction by shifting said supporting elements in the ra- 
5 dial direction through allowing the pair of shifting ele- 
ments to move in the direction contrary to each other by 
rotating said screw bars in the same direction by said 
driving device, said supporting elements being shifted 
in the radial direction by means of said pair of links con- 

io necting itself to the pair of shifting elements. 

[0029] It is preferable in the th ird means that a driving 
device is connected to an end side of one of said screw 
bars and said shifting elements engaging with said 
screw bars are moved simultaneously. 

is [0030] The fourth means of the present invention is 
an operating method of the wind turbine with an active 
annual plane area control mechanism of darrieus type 
wind turbine which has supporting elements provided 
along a vertical wind turbine shaft and a stage or a plu- 

20 rafity stages of a plurality of sets of blades each of which 
is supported by said supporting elements at both ends 
thereof and located along said vertical wind turbine 
shaft, said wind turbine shaft being rotated by the aero- 
dynamic lift effected by the wind acting on said blades, 

25 wherein the wind turbine is constructed so that the radial 
position of the blades is changeable by shifting the sup- 
porting elements in the radial direction perpendicular to 
the vertical turbine shaft, the speed of the wind acting 
on the blades is detected, and the blades are moved in 

30 radial outward directions by means of said supporting 
elements to increase active annular plane area as the 
detected wind speed decreases and the blades are 
moved in radial inward directions to decrease active an- 
nular plane area as the detected wind speed increases. 

35 [0031] According to the first to fourthmeans, wind 
speed is detected by the wind speed detector and input- 
ted to the controller. In the controller is set beforehand 
relations between wind turbine output P, wind speed V, 
and active annular plane area S, and a relation between 

40 the limit wind speed with which fatigue failure occurs in 
the rotating components such as the blades and rotor 
and active annular plane area. The controller calculates 
optimal active annular plane area corresponding to the 
detected wind speed when the detected wind speed is 

45 inputted, and the result is outputted to the driving device 
of the blade shifting mechanism. 
[0032] Each blade is moved in the radial direction 
through the blade shifting mechanism guided by radial 
holes provided in the cylindrical wall of the rotor or in the 

50 darrieus type wind turbine the radial position of each 
blade can be changed by moving the supporting ele- 
ments supporting each blade in the radial direction and 
the blades are kept in the position with which active an- 
nular plane area is equal to said calculated optimal ac- 

55 tive annular plane area. 

[0033] By this, it is possible that the blades are shifted 
in radial outward directions by shifting said supporting 
elements through said blade shifting mechanism in or- 



7 

der to increase active annual plane area as said detect- 
ed wind speed decreases, and they are shifted in radial 
inward directions in order to decrease active annual 
plane area as said detected wind speed increases. 
Therefore, the wind turbine can be operated with the ra- 
dial position of the blades, with which the output as high 
as possible is obtainable while evading the occurrence 
of fatigue failure of the rotating components such as the 
blades and rotor under the present wind speed. 
[0034] Accordingly, by the means mentioned above, 
the wind turbine can be operated while always automat- 
ically controlling blade length so that the occurrence of 
fatigue failure of the rotating components such as the 
blades and rotor, and at the same time the wind turbine 
is operated with the optimal active annular plane area 
which ensures the maximum output of the wind turbine 
in the range capable of evading the fatigue failure. Ac- 
cordingly, the operation of wind turbine is possible with 
the optimal maximum output with elongated fatigue life 
of the rotating elements such as the blades and rotor. 
[0035] The fifth means of the present invention is a 
wind turbine with an active annual plane area control 
mechanism comprising a plurality of blades attached to 
a rotor for transmitting the wind force acting on the 
blades to the output shaft of the wind turbine connected 
to the rotor, wherein each of said blades is configured 
so that blade length can be changed in the total length 
of the blade or in a certain length from the middle up to 
the tip of the blade, a blade length adjusting mechanism 
is provided for adjusting the blade length of each of the 
blades, and active annular plane area are changeable 
by changing the radial position of the blades relative to 
the rotor by said blade length adjusting mechanism. 
[0036] Each of said blades is preferably formed in a 
bellows shape expansible and contractible in the radial 
direction of the rotor, a plurality of air chambers which 
air is supplied to or exhausted from being formed inside 
said bellows-shaped blade continuously in the direction 
of blade length, and said blade length adjusting mech- 
anism is composed of an air supply device for producing 
pressurized air and an air tube for supplying the pres- 
surized air to each of said air chambers, the tube con- 
necting said air supply device to each air chamber and 
being movable in the blade length direction as said bel- 
lows-shaped blade expands or contracts. 
[0037] It is preferable in the fifth means that there are 
provided air valves attached to said air tube for opening 
or closing outlets of the air into each of said air chambers 
and an air control device for controlling the opening and 
closing of said air valves and the operation of said air 
supply device. 

[0038] It is also preferable that there are provided a 
flexible string such as wire connected to the top of the 
blade and a flexible string driving device for expanding 
or contracting the blade by drawing out or in the flexible 
string in the blade length direction to change the blade 
tip diameter. 

[0039] Further, it is preferable that each of said blade 
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is divided into a variable length blade part and a blade 
body fixed to the rotor and connecting to the root of said 
variable length blade part, said variable length blade 
part is supported by said blade body capable of being 
s tilted around the supporting shaft of the variable length 
blade part, and said blade length adjusting mechanism 
is composed as a blade tilting mechanism for tilting said 
variable length blade part around said supporting shaft 
by a driving device by means of a link mechanism. 
[0040] Yet further, it is preferable that each of said 
blade is divided into a variable length blade part and a 
blade body fixed to the rotor and connecting to the root 
of said variable length blade part, said variable length 
blade part isreceived in the guide hole of said blade body 
capable of being moved in the direction of blade length, 
and said blade length adjusting mechanism is com- 
posed as a blade reciprocating device for, reciprocating 
the variable length blade part guided along said guide 
hole by a reversible driving device such as a reversible 
motor in order to change the blade tip diameter. 
[0041] Still further, each of said variable length blade 
parts has preferably a rack fixed to the lower end there- 
of, and said blade reciprocating device is composed 
such that a pinion which meshes with said rack is fixed 
to the output shaft of said reversible driving device to 
convert the rotating motion of the reversible driving de- 
vice to the reciprocating motion of the variable length 
blade part. 

[0042] Yet still further, each of said variable length 
blade parts has preferably a shaft with female screw 
thread fixed to the lower end thereof, and said blade re- 
ciprocating device is composed such that a screw bar 
which engages in the female screw thread of said shaft 
is fixed to the output shaft of said reversible driving de- 
vice to convert the rotating motion of the reversible driv- 
ing device to the reciprocating motion of the variable 
length blade part. 

[0043] Further in the fifth means, each of said blade 
is divided into a variable length blade part and a blade 
body fixed to the rotor and connecting to the root of said 
variable length blade part, said variable length blade 
part is composed of a front core made of hard material 
such as a metal pipe extended downward in the direc- 
tion of blade length to form an actuating shaft part, a 
rear core made of wire of soft material, and a blade shell 
made of flexible material defining a blade profile be- 
tween said front core and rear core, said actuating shaft 
part of the front core is received for sliding in the direc- 
tion of blade length in a bearing hole provided in the 
blade body, and said blade reciprocating device is com- 
posed as a blade reciprocating device for reciprocating 
said variable length blade part through reciprocating 
said actuating shaft part of the front core by means of a 
reversible driving device such as a reversible motor. 
[0044] According to the fifth means, active annular 
plane area can be adjusted to an optimal area corre- 
sponding to wind speed even during the operation of the 
wind turbine by varying the tip diameter of blades by 
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changing the effective blade length through shifting the 
blades in the radial direction of the rotor by means of the 
biade length adjusting mechanism, or extending or con- 
tracting the blade itself in the blade length direction. 
[0045] By this, it is possible to operate the wind turbine 5 
so that the output as high as possible is obtained while 
evading the occurrence of fatigue failure of the rotating 
components such as the blades and rotor under the 
present wind speed by adjusting the effective length of 
each of the blade itself so that the blade tip diameter is 10 
increased by increasing the effective blade length to in- 
crease active annual plane area as wind speed decreas- 
es, on the other hand the blade tip diameter is de- 
creased by decreasing the effective length to decrease 
active annual plane area as wind speed increases. is 
[0046] Therefore, by the fifth means, the wind turbine 
can be operated while always automatically controlling 
blade length so that the occurrence of fatigue failure of 
the rotating components such as the blades and rotor, 
and at the same time the wind turbine is operated with 20 
the optimal active annular plane area which insures a 
maximum of the wind turbine output within the range ca- 
pable of evading the fatigue failure. 
[0047] Accordingly, the operation of wind turbine is 
possible with an optimal maximum output with elongat- 25 
ed fatigue life of the rotating elements such as the 
blades and rotor. 

[0048] Further, the blade length varying mechanism 
is constructed light in weight and can be provided inside 
the blade, so active annular plane area is variable with- 30 
out accompanying the increase in the weight of blade. 
[0049] Further, according to the fifth means, active an- 
nual plane area can be changed by changing the effec- 
tive blade length by supplying or exhausting air to or 
from each of the independent air chamber formed con- 35 
tinuously in the direction of the length the blade formed 
in a bellows shape by opening or closing air valves 
through an air control device. 

[0050] The blade tip diameter can be varied by ex- 
tending or contracting said blade through drawing out 40 
or in the flexible string such as wire connected to the top 
of the blade by the flexible string driving device. 
[0051 ] According to the fifth means, the projected ar- 
ea of the surface of revolution of the blade in the direc- 
tion of the axis of rotation of the rotor, i.e. active annular 45 
plane area is changeable by changing the tilt angle of 
each of the variable blade length parts through swinging 
each variable blade length part which is supported at 
the root part thereof for rotation by the supporting shaft 
fixed to the blade body via the link mechanism. so 
[0052] Further, according to the fifth means, active an- 
nular plane area is changeable by changing the blade 
tip diameter by reciprocating each variable length blade 
part fit for sliding in the guide hole of each blade body 
via a rotation-reciprocation converting mechanism such 55 
as pinion-rack mechanism or screw bar-nut mechanism 
through the rotation of the reversible driving device such 
as a reversible motor. 



[0053] Further, according to the fifth means, active the 
blade tip diameter is changeable by reciprocating each 
variable length blade part by sliding the actuating shaft 
which is the extended part of the front core of the vari- 
able length blade part and fit for sliding in the guide hole 
of each blade body via a rotation -reciprocation convert- 
ing mechanism such as pinion-rack mechanism through 
the rotation of the reversible driving device such as a 
reversible motor. 

[0054] Further, according to the present invention, 
each of the variable length blade parts composed of a 
front core made of wire, a rear core made of soft wire, 
and a blade shell made of flexible material defining 
blade profile between the front core and rear core, so 
that the variable length blade part is light weighted, and 
in addition to that, as the blade shell is made of flexible 
material, the variable length blade part can be folded, 
which results in the easiness of transportation. 
[0055] The sixth means of the present invention is a 
wind turbine with an active annual plane area control 
mechanism comprising a plurality of blades attached to 
a rotor for transmitting the wind force acting on the 
blades to the output shaft of the wind turbine connected 
to the rotor, wherein each of said blade is divided into a 
variable length blade part and a blade body fixed to the 
rotor and connecting to the root of said variable length 
blade part, and there are provided operating conditions 
detectors for detecting the operating conditions of the 
wind turbine, a blade length controller for comparing 
each of the detected signals of the operating conditions 
inputted from said operating conditions detectors with 
each of the predetermined permissible values of oper- 
ating conditions and calculating the amounts of active 
annular plane area and blade length to be adjusted for 
optimal operation based on the result of comparisons, 
and a blade length adjusting mechanism for changing 
blade length based on the calculated blade length input- 
ted from said blade length controller. 
[0056] It is preferable that said operating condition de- 
tectors include at least one among a wind speed detec- 
tor for detecting the speed of the wind acting on the wind 
turbine, a rotation speed detector for detecting the rota- 
tion speed of a rotating component of the wind turbine 
including the rotor, and a load detector for. detecting the 
load of the wind turbine, and said blade length controller 
compares the signal of detected wind speed from said 
wind speed detector with a predetermined permissible 
value of wind speed, or compares the signal of detected 
rotation speed from said rotation speed detector with a 
predetermined permissible value of rotation speed, or 
compares the signal of detected load from said load de- 
tector with a predetermined permissible value of load, 
calculates the amounts of active annular plane area and 
blade length to be adjusted for optimal operation con- 
cerning at least one among wind speed, rotation speed, 
and load, and outputs the result to said blade length ad- 
justing mechanism. 

[0057] It is also preferable that a blade stress detector 
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is provided for detecting the stress occurred in the blade, 
and said blade length controller is composed so that the 
amounts of active annular plane area and blade length 
to be adjusted for optimal operation are calculated 
based on both the result of comparison of the signal of 
detected blade stress with a predetermined permissible 
value of blade stress and the result of comparisons of 
the detected signals of the operating conditions with pre- 
determined values of operating conditions and the cal- 
culation result is outputted to said blade length adjusting 
mechanism. 

[0058] Further, it is preferable that said operating con- 
dition detectors include at least one among a wind 
speed detector for detecting the speed of the wind acting 
on the wind turbine, a rotation speed detector for detect- 
ing the rotation speed of a rotating component of the 
wind turbine including the rotor, and a load detector for 
detecting the load of the wind turbine, a blade stress 
detector is provided for detecting the stress occurred in 
the blade, and said blade length controller compares the 
signal of detected blade stress inputted from said blade 
stress detector with a predetermined permissible stress, 
and compares the signal of detected wind speed from 
said wind speed detector with a predetermined permis- 
sible value of wind speed, or compares the signal of de- 
tected rotation speed from said rotation speed detector 
with a predetermined permissible value of rotation 
speed, or compares the signal of detected load from 
said load detector with a predetermined permissible val- 
ue of load, calculates the amounts of active annular 
plane area andblade length to be adjusted for optimal 
operation concerning at least one among wind speed, 
rotation speed, and load while maintaining the blade 
stress at or near the predetermined permissible stress, 
based on the result of said comparisons and outputs the 
result to saidblade length adjusting mechanism. 
[0059] The seventh means of the present invention is 
an operating method of the wind turbine with an active 
annual plane area control mechanism comprising a plu- 
rality of blades attached to a rotor for transmitting the 
wind force acting on the blades to the output shaft of the 
wind turbine connected to the rotor, each of said blades 
being configured so that blade length can be changed 
in the total length of the blade or in a certain length from 
the middle up to the tip of the blade, wherein the oper- 
ating condition of the wind turbine is detected, the de- 
tected operating condition signals are compared with 
predetermined permissible values, the amounts of ac- 
tive annular plane area and blade length to be adjusted 
for optimal operation concerning the operation condition 
are calculated, and the blade length is changed accord- 
ing to the calculation result 

[0060] It is preferable in the seventh means that the 
blade stress is detected, the detected signal of the blade 
stress is compared with a predetermined permissible 
blade stress, the amounts of active annular plane area 
and blade length to be adjusted for optimal operation 
concerning both said operation condition and said blade 



stress are calculated, and the blade length is changed 
according to the calculation result. 
[0061] According to the sixth and seventh means, 
each of said blade is composed such that a certain 

5 length of the blade from the middle to the tip thereof is 
variable and active annual plane area is changeable by 
changing the length of the variable length blade part by 
means of the blade length adjusting mechanism, the 
speed of the wind acting on the wind turbine is detected 

10 by the wind speed detector, the rotation speed of a ro- 
tating component including the rotor is detected by the 
rotation speed detector, the load(output)of the wind tur- 
bine is detected by the load detector, further the stress 
of the blade is detected by the blade stress detector, and 

is the detected values are inputted to the blade length con- 
troller. 

[0062] The blade length controller compares said de- 
tected wind speed with the predetermined permissible 
wind speed, or compares the detected rotation speed 

20 with the predetermined permissible rotation speed, or 
compares the detected load with the predetermined per- 
missible load, and further compares the detected blade 
stress with the predetermined permissible blade stress, 
and calculates the active annular plane area and blade 

25 length to be adjusted based o the result of the compar- 
isons. 

[0063] Further, the blade length controller controls the 
blade length adjusting mechanism based on the calcu- 
lated active annular plane area and blade length as fol- 
30 lows. 

[0064] When the detected wind speed is higher than 
the permissible wind speed, active annular plane area 
is decreased by decreasing the blade length, when the 
detected wind speed is lower than the permissible wind 

35 speed, active annular plane area is increased by in- 
creasing the blade length. Or when the detected rotation 
speed is higher than the permissible rotation speed, ac- 
tive annular plane area is decreased by decreasing the 
blade length, when the detected rotation speed is lower 

40 than the permissible rotation speed, active annular 
plane area is increased by increasing the blade length. 
Or when the detected load is higher than the permissible 
load, active annular plane area is decreased by de- 
creasing the blade length, when the detected load is 

45 lower than the permissible load, active annular plane ar- 
ea is increased by increasing the blade length. Further, 
when the detected blade stress is higher than the per- 
missible blade stress, active annular plane area is de- 
creased by decreasing the blade length, when the de- 

50 tected blade stress is lower than the permissible blade 
stress, active annular plane area is increased by in- 
creasing the blade length, 

[0065] By controlling the blade length through the 
blade length controller mentioned above, the length of 
55 the blades are adjusted so that active annular plane ar- 
ea is optimal corresponding to the operating conditions 
such as wind speed, rotation speed and load of the wind 
turbine, and the output of the wind turbine can be always 
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maintained at a maximum output level. 
[0066] Further, according to the sixth and seventh 
means, as active annual plane area can be controlled 
so that it is optimal for both the operating conditions such 
as wind speed, rotation speed and load of the wind tur- 
bine and for blade stress, the occurrence of excess 
blade stress of the rotating component due to sudden 
increase in wind speed or load is suppressed, and the 
occurrence of fatigue failure of said rotating components 
can be prevented. 

[0067] Therefore, according to the sixth and seventh 
means, the wind turbine can be operated while always 
automatically controlling blade length so that the occur- 
rence of fatigue failure of the rotating components such 
as the blades and rotor, and at the same time the wind 
turbine is operated with the optimal active annular plane 
area which insures a maximum of the wind turbine out- 
put within the range capable of evading the fatigue fail- 
ure. Accordingly, the operation of wind turbine is possi- 
ble with an optimal maximum output with elongated fa- 
tigue life of the rotating elements such as the blades and 
rotor. 

[0068] The eighth means of the present invention is a 
wind turbine with an active annual plane area control 
mechanism comprising a plurality of blades attached to 
a rotor head for transmitting the wind force acting on the 
blades to the output shaft of the wind turbine connected 
to the rotor head, wherein each blade is attached to an 
end side of a connecting elbow of a certain bent angle, 
the other end side is attached to the periphery of the 
rotor head for rotation, an connecting elbow driving de- 
vice is provided for rotating each of said connecting el- 
bows, and the blades can be tilted in the direction of the 
axis of the rotor head to adjust active annular plane area. 
[0069] It is preferable that there are provided a wind 
speed detector for detecting the speed of the wind acting 
on the blades, and a controller which calculates average 
wind speed during a certain period of time from the wind 
speed detected continuously by said wind speed detec- 
tor and the tilt angle of the blades optimal for the average 
wind speed and controls said connecting elbow driving 
device so that the blades are tilted to the calculated an- 
gle. 

[0070] As the operating method of the wind turbine 
with an active annual plane area control mechanism 
comprising a plurality of blades attached to a rotor head 
for transmitting the wind force acting on the blades to 
the output shaft of the wind turbine connected to the ro- 
tor head, it is preferable that the speed of the wind acting 
on the blades is detected, average wind speed during a 
certain period of time is calculated from the wind speed 
detected continuously by said wind speed detector, the 
active annual plane area optimal for the average wind 
speed is calculated, and the rotation angle of said con- 
necting elbows is adjusted so that active annular plane 
area becomes equal to said calculated value through 
composing such that each blade is attached to each of 
a plurality of connecting elbows attached to the rotor 



head for rotation so that the blade is capable of being 
tilted in the direction of the axis of rotation of the rotor 
head by rotating said connecting elbow. 
[0071] In the eighth means, it is preferable that said 

5 connecting elbow driving device comprises a ring gear 
fixed to said other end of the connecting elbow concen- 
tric with the axis of rotation thereof, a pinion meshing 
with the ring gear, a reversible motor for rotating the pin- 
ion, and a motor control device for controlling the rota- 

10 tion of the motor according to the output signal from said 
controller. 

[0072] According to the eighth means, the speed of 
the wind acting on the blades is detected by the wind 
speed detector and inputted to the controller, and the 

is controller calculates the average wind speed during a 
certain time period from the wind speed detected con- 
tinuously by said wind speed detector and also calcu- 
lates active annular plane area the optimal wind turbine 
output for the average wind velocity from the predeter- 

20 mined relation between average wind speed and wind 
turbine output, and determines active annular plane ar- 
ea based on said output. 

[0073] The wind turbine is provided with the blade tilt- 
ing mechanism which comprises connecting elbows to 

25 each of which is attached the blade and each of which 
is attached rotatably to the periphery part of the rotor 
head such that each blade is tilted by the rotation of each 
connecting elbow to change the tilt angle of the blade in 
orderto change active annular plane area, and said con- 

30 trailer calculates the rotation angle to realize said calcu- 
lated active annular plane area and output it to the con- 
necting elbow driving device of said blade tilting mech- 
anism. 

[0074] The connecting elbow driving device rotate the 
35 connecting elbow to change the tilt angle of the blade 
so that the tilt angle is equal to said calculated angle and 
keeps the blade at the position. 

[0075] Thus, according to the eighth means, said con- 
troller allows said connecting elbow to be rotated to the 

40 position with which the blades are at right angle to the 
axis of rotation of the rotor head, accordingly active an- 
nular plane area is at maximum when average wind 
speed is lower than the predetermined lower limit value 
so that a maximum power is taken-in from wind. In this 

45 case, as wind speed is low, fatigue failure of the rotating 
components such as the blades and rotor does not oc- 
cur by increasing active annular plane area to the max- 
imum. 

[0076] When average wind speed is higher than the 
50 predetermined higher limit value, the connecting elbow 
is rotated to the position the blades is tilted toward the 
axis of rotation of the rotor to decrease active annular 
plane area in order to evade the occurrence of fatigue 
failure of the rotating components. 
55 [0077] When average wind speed is between said 
lower limit and higher limit, the output of the wind turbine 
is determined according to the average wind speed and 
the blades are tilted to a position with which said deter- 
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mined power is obtained, and the wind turbine is oper- 
ated with an optimai output taking into consideration fa- 
tigue failure of the rotating components. 
[0078] By this, the wind turbine can be operated with 
the tilt angle of the blades adjusted and fixed at the po- 
sition so that the output is a maximum within the range 
of evading the occurrence of fatigue failure of the rotat- 
ing components such as the blades and rotor. 
[0079] Further, by changing the distance from the axis 
of rotation of the connecting elbow to the end face there- 
of for attaching the blade, the tip diameter of the blade 
can be changed. Therefore, active annular plane area 
can be changed by preparing several connecting el- 
bows different in said distance and only changing the 
connecting elbow without preparing blades of different 
blade length. 

[0080] Further, according to the eighth means, the 
connecting elbow driving device can be composed so 
that the connecting elbows are controlled to be rotated 
to the rotational position determined by the controller by 
rotating them by the driving motor via the motor control 
device. Therefore, simple and low-cost connecting el- 
bow driving device can be obtained without using hy- 
draulic devices operated by oil hydraulic pressure or air 
pressure. 

[0081 ] Further, according to the eighth means, the ad- 
justment of active annular plane area is possible by pro- 
viding the blade tilting mechanism composed of said 
connecting elbow driving device and connecting elbow 
independently for each blade for adjusting active annu- 
lar plane area by changing the tilt angle of each blade 
by rotating the connecting elbow through the connecting 
elbow driving mechanism, and it is possible to adjust the 
tilt angle of each blade to an optimal position taking into 
consideration the output power of the wind turbine and 
fatigue limit of the rotating components. 
[0082] As has been described above, according to the 
eighth means, the problem that may occur with conven- 
tional wind turbines having no adjusting means for ad- 
justing active annular plane area, i.e. the occurrence of 
fatigue failure of the rotating components such as the 
blade and rotor due to excessive high speed wind some- 
times experienced by a gust of wind is prevented, and 
the wind turbine can be operated with a maximum output 
within the range of evading the occurrence of fatigue fail- 
ure of the rotating components such as the blades and 
rotor by adjusting active annular plane area by changing 
the tilt angle of the blades through changing the rotation 
angle of each connecting elbow according to the speed 
of the wind acting on the blades. 
[0083] Therefore, according to the eighth means, the 
wind turbine can be operated while always automatically 
controlling blade length so that the occurrence of fatigue 
failure of the rotating components such as the blades 
and rotor and at the same time with the optimal active 
annular plane area which insures a maximum of the 
wind turbine output within the range capable of evading 
the fatigue failure. Accordingly, the operation of windtur- 
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bine is possible with an optimal maximum output with 
elongated fatigue life of the rotating elements such as 
the blades and rotor. 

[0084] The ninth means of the present invention is a 
5 wind turbine with an active annual plane area control 
mechanism comprising a plurality of blades attached to 
a rotor head for transmitting the wind force acting on the 
blades to the output shaft of the wind turbine connected 
to the rotor head, wherein are provided a blade tilting 
mechanism for tilting the blades in the direction of the 
axis of rotation of the rotor head to change active annu- 
lar plane angle. 

[0085] It is preferable that there are provided a wind 
speed detector for detecting the speed of the wind acting 
on the blades, and a controller which calculates average 
wind speed during a certain period of time from the wind 
speed detected continuously by said wind speed detec- 
tor and the tilt angle of the blades optimal forthe average 
wind speed and controls said blade tilting mechanism 
so that the blades are tilted to the calculated angle. 
[0086] It is also preferable that said blade tilting mech- 
anism comprises a fluid pressure actuator which is fixed 
to the rotor head so that the output shaft thereof moves 
in the direction of the axis of rotation of the rotor head, 
and a plurality of blade link each of which is supported 
via the supporting shaft fixed to the rotor head for swing- 
ing, an end part of each link being connected to the out- 
put shaft of said fluid pressure actuator and the other 
end being connected to each blade, and the tilt angle of 
the blades can be changed by swinging said blade link 
around said supporting shaft through the reciprocation 
of the output shaft of said fluid pressure actuator. 
[0087] Further, it is preferable that said blade tilting 
mechanism comprises a servomotor fixed to the rotor 
head and having an output shaft having a male screw 
thread part, and a plurality of blade links each of which 
is supported via the supporting shaft fixed to the rotor 
head for swinging, an end part of each link being con- 
nected to a blade link guide engaged with the male 
screw thread of the output shaft of said servomotor, the 
other end being connected to each blade, and the tilt 
angle of the blades can be changed by swinging said 
blade link around said supporting shaft through the ro- 
tation of the output shaft of said servomotor. 
[0088] Yet further, it is preferable that said blade tilting 
mechanism comprises a plurality of blade links each of 
which is supported via the supporting shaft fixed to the 
rotor head for swinging, and fluid pressure actuators 
each bridging between the protrusion extending from 
the center of the end of the rotor head and each blade 
link for changing the blade tilt angle in the direction of 
the axis of rotation of the rotor head by the extension 
and contraction of said actuator. 
[0089] The tenth means of the present invention is an 
operating method of the wind turbine with an active an- 
nual plane area control mechanism comprising a plural- 
ity of blades attached to a rotor head for transmitting the 
wind force acting on the blades to the output shaft of the 
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wind turbine connected to the rotor head, wherein the 
speed of the wind acting on the blades is detected, av- 
erage wind speed during a certain period of time is cal- 
culated from the wind speed detected continuously by 
said wind speed detector, the active annual plane area 
optimal for the average wind speed is calculated, and 
the rotation angle of said connecting elbow is adjusted 
so that active annular plane area becomes equal to said 
calculated value through composing such that each 
blade is capable of being tilted in the direction of the axis 
of rotation of the rotor head. 

[0090] According to the ninth and tenth means, the 
speed of the wind acting on the blades is detected by 
the wind speed detector and inputted to the controller, 
and the controller calculates the average wind speed 
during a certain time period from the wind speed detect- 
ed continuously by said wind speed detector and also 
calculates active annular plane area the optimal wind 
turbine outputfor the average wind velocity from the pre- 
determined relation between average wind speed and 
wind turbine output, and determines active annular 
plane area based on said output. 
[0091] The wind turbine is provided with the blade tilt- 
ing mechanism for changing active annular plane area 
by tilting the blades toward the axis of rotation of the 
rotor head, and said controller calculates the tilt angle 
of the blades to realize said calculated active annular 
plane area and output it to the actuator of said blade 
tilting mechanism. 

[0092] The blade tilting mechanism tilts the blades so 
that said calculated active annular plane area is realized 
by the tilting and keeps the blade at the position. 
[0093] Thus, said controller allows the blades to be at 
right angle to the axis of rotation of the rotor head, ac- 
cordingly active annular plane area is at maximum when 
average wind speed is lower than the predetermined 
lower limit value so that a maximum power is taken-in 
from wind. In this case, as wind speed is low, fatigue 
failure of the rotating components such as the blades 
and rotor does not occur by increasing active annular 
plane area to the maximum. 

[0094] When average wind speed is higher than the 
predetermined higher limit value, the blades are tilted 
toward the axis of rotation of the rotor to decrease active 
annular plane area in order to evade the occurrence of 
fatigue failure of the rotating components. 
[0095] When average wind speed is between said 
lower limit and higher limit, the output of the wind turbine 
is determined according to the average wind speed and 
the blades are tilted to a position with which said deter- 
mined power is obtained, and the wind turbine is oper- 
ated with an optimal output taking into consideration fa- 
tigue failure of the rotating components. 
[0096] By this, the wind turbine can be operated with 
the tilt angle of the blades adjusted and fixed at the po- 
sition so that the output is a maximum within the range 
of evading the occurrence of fatigue failure of the rotat- 
ing components such as the blades and rotor. 



[0097] Further, according to the ninth and tenth 
means, the blades can be adjusted to the same tilt angle 
in synchronism with each other by a single or pair of fluid 
pressure actuators or a single or a pair of servomotor, 
5 so the blade tilting mechanism is of simple construction, 
and as the connection between the output shaft of the 
fluid pressure actuator or servomotor is of link connec- 
tion, variations in the tilt angles of the blades are small 
and blade tilt angle control can be possible with high 
10 accuracy. 

[0098] The adjustment of active annular plane area is 
possible by changing independently the tilt angle of 
each blade by means of the fluid pressure actuator, and 
it is possible to adjust the tilt angle of each blade to an 
15 optimal position taking into consideration the output 
power of the wind turbine and fatigue limit of the rotating 
components. 

[0099] As has been described above, according to the 
ninth and tenth means, the problem that may occur with 

20 conventional wind turbines having no adjusting means 
for adjusting active annular plane area, i.e. the occur- 
rence of fatigue failure of the rotating components such 
as the blade and rotor due to exces sive high speed wind 
sometimes experienced by a gust of wind is prevented, 

25 and the wind turbine can be operated with a maximum 
output within the range of evading the occurrence of fa- 
tigue failure of the rotating components such as the 
blades and rotor by adjusting active annular plane area 
by changing the tilt angle of the blades according to the 

30 speed of the wind acting on the blades. 

[0100] Therefore, according to the ninth and tenth 
means, the wind turbine can be operated while always 
automatically controlling blade length so that the occur- 
rence of fatigue failure of the rotating components such 

35 as the blades and rotor and at the same time with the 
optimal active annular plane area which insures a max- 
imum of the wind turbine output within the range capable 
of evading the fatigue failure. Accordingly, the operation 
of wind turbine is possible with an optimal maximum out- 

40 put with elongated fatigue life of the rotating elements 
such as the blades and rotor. 

[0101] It is suitable to use an oil hydraulic actuator or 
pneumatic actuator as said fluid pressure actuator. 



45 BRIEF DESCRIPTION OF THE DRAWINGS 
[0102] 

FIG.1 is a transverse sectional view of the 1 st em- 
50 bodiment of the wind turbine capable of moving 
blades in radial direction according to the present 
invention (sectional view taken in the direction of ar- 
rows B-B of FIG.2) 

FIG.2 (A) is a partial vertical longitudinal sectional 
55 view of the wind turbine of FIG.1 , and FIG.2 (B) is 
an enlarged detail of portion Z of FIG.2 (A). 
FIG.3 is a transverse sectional view of the 2 nd em- 
bodiment of the wind turbine corresponding to FIG. 
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1. 

FIG. 4 is a transverse sectional view of the 3 lrd em- 
bodiment of the wind turbine corresponding to FIG. 
1.. 

FIG. 5 is a transverse sectional view of the 4 th em- 5 
bodiment of the wind turbine corresponding to FIG. 
1. 

FIG.6 is a partial vertical longitudinal sectional view 
of said embodiments of the wind turbine. 
FIG. 7 is a transverse sectional view of the 5 th em- io 
bodiment which is a darrieus type, showing the 
mechanism of spreading blades in radial direction. 
FIG. 8 is an enlarged detail of portion Y in FIG. 7. 
FIG. 9 is a diagrammatic illustration of the blade 
length adjusting mechanism of the 6 th embodiment *5 
of the wind turbine with variable length blades ac- 
cording to the present invention, (A) is a sectional 
view taken in the direction of arrows D-D of FIG. 14, 
and (B) is a sectional view taken in the direction of 
arrows A-A of FIG.9(A). 20 
FIG. 10 is a partial transverse sectional view show- 
ing the construction of the blade length adjusting 
mechanism of the 7 th embodiment. 
FIG. 11 is a partial transverse sectional view show- 
ing the construction of the blade length adjusting 25 
mechanism of the 8 th embodiment corresponding 
to FIG.2. 

FIG. 12 is a partial transverse sectional view show- 
ing the construction of the blade length adjusting 
mechanism of the 9 th embodiment corresponding 30 
to FIG.2. 

FIG. 13 is a partial transverse. sectional view show- 
ing the construction of the blade length adjusting 
mechanism of the 9 th embodiment, (A) shows the 
construction, and (B) is a sectional view taken in the 35 
direction of. arrows B-B of FIG. 13(A). 
FIG. 1 4 is a front view of a wind turbine to which the 
present invention is applied. 
FIG. 15 shows the control block diagram of blade 
length adjusting mechanism of the 11 ^embodiment *o 
according to the present invention. 
FIG. 1 6 is a front view of the wind turbine of said 1 1 th 
embodiment showing locations of detectors. 
FIG. 17 illustrates when the 8 th embodiment is 
equipped with the motor control device and blade 
length control device for controlling active annular 
plane area. 

FIG. 1 8 is a front view of the 1 2 th embodiment of the 
wind turbine according to the present invention. 
FIG. 1 9 is a side view of the wind turbine of FIG.1 8 so 
viewed in the direction of arrow B of FIG 18. 
FIG 20 is an enlarged sectional view taken in the 
direction of arrows A-A of FIG.1 8. 
FIG. 21 is an enlarged detailed sectional view of por- 
tion Z of FIG.1 8, showing the detail of the pitch an- 55 
gle control device. 

FIG.22(A) is a control block diagram of the active 
annular plane area adjusting device, FIG. 22 (B) is 



a graph showing output curves of the wind turbine. 
FIG.23 is a partial sectional view of the active an- 
nular plane area adjusting device of the 13 th em- 
bodiment of the wind turbine according to the 
present invention(sectional view taken in the direc- 
tion of arrows B-B of FIG. 24). 
FIG .24 is a front view of the active annular plane 
area adjusting device of FIG.23 with a partially sec- 
tional view in the direction of arrow A-A of FIG.23. 
FIG.25 is a partial sectional view of the active an- 
nular plane area adjusting device of the 14 th em- 
bodiment, corresponding to FIG.23. 
FIG. 26 is a partial sectional view of the active an- 
nular plane area adjusting device of the 15 th em- 
bodiment, corresponding to FIG.23. 
FIG.27 is a schematic side view of the downwind 
type wind turbine to which the present invention is 
applied. 

FIG.28 (A) is a control block diagram of the active 
annular plane area adjusting device according to 
the present invention, FIG.28 (B) is a graph showing 
output curves of the wind turbine. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[01 03] A preferred embodiment of the present inven- 
tion will now be detailed with reference to the accompa- 
nying drawings. It is intended, however, that unless par- 
ticularly specified, dimensions, materials, relative posi- 
tions and so forth of the constituent parts in the embod- 
iments shall be interpreted as illustrative only not as lim- 
itative of the scope of the present invention. 
[0104] Referring to FIG.6 showing upper half of the 
wind turbine of the first , second, and third embodi- 
ments, reference numeral 2 is a rotor formed into a cy- 
lindrical shape and with a plurality of blades 1 (three 
blades in this example) attached on the periphery at an 
equal spacing along the circumference by the means 
described later, the rotor having a rotor shaft 3 in the 
rear portion, a blade shifting mechanism as described 
later being provided in the hollow space 02 of the rotor. 
[0105] Reference numeral 4 is an entrance guide el- 
ement fixed to a wind turbine support not shown in the 
drawing, the outer diameter of the rear portion of the 
entrance guide adjacent the rotor being about the same 
with that of the rotor. Reference numeral 5 is a rear case 
also fixed to said wind turbine support, the outer diam- 
eter of the front portion of the rear case adjacent the 
rotor being about the same with that of the rotor. 
[0106] Said rotor 2 is supported by said entrance 
guide element 4 via a bearing 6 at the front side thereof 
and supported by said rear case 5 via a bearing 6 at the 
rear side thereof for rotation around the center axis 02 
of the rotor. 

[0107] Referring to FIG.1 - 2 showing the first em- 
bodiment, the sliding portion 1a formed at the root of 
each of said blades 1 is inserted for reciprocal move- 
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ment in each of holes 2b drilled in said cylindrical rotor 
2 in radial direction at equal spacing. 
[0108] At the middles between adjacent blades are 
drilled three holes 2b (the may be a plurality of holes) 
on the circumference of the rotor and an end portion of 
each of screw bars 10, each having a threaded part in 
the middle thereof, is inserted in each of the holes 10 
for rotation and not movable in the direction of its axis. 
Reference numeral 16 are sleeves (nuts) screwed to 
said threaded parts of said screw bars 10. Reference 
numeral 13 are links each of which is fixed to the root of 
each of the blades 1 , both ends of each link 1 3 being 
connected to an end of each of links 12 by means of 
pins 14, the other end of each link 12 being connected 
to each of links 17 each being fixed to each sleeve 16 
via each of pins 15. 

[0109] In FIG. 2, reference numeral 23 is a motor fixed 
to said rear case 5 or said entrance guide element 4. 
Reference numeral 20 is a bevel gear connected to the 
output shaft of said motor 23. The bevel gear 20 meshes 
with each of pinions formed at the other end of each of 
said screw bars 1 0 and each screw bar 1 0 is rotated by 
the rotation of said bevel gear 20. 
[0110] Reference numeral 22 is a blade pitch angle 
controlling element for varying the pitch angle, 21 is a 
bevel gear mechanism for transmitting driving force to 
change the pitch angle, 22a is a connecting shaft for 
connecting said bevel gear mechanism with said blade 
pitch angle controlling element 22. The connecting shaft 
22a and blade pitch angle controlling element 22 are 
connected by spline connection(in FIG. 2(B), 1a is a fe- 
male spline of the blade pitch angle controlling element 
22 and 22b is a male spline of the connecting shaft 22a 
side), and said blade pitch angle controlling element 22 
can be moved in radial direction relative to the rotor 2 
together with the blade 1 . The structure of said blade 
pitch controlling element is known and detailed expla- 
nation is omitted. 

[0111] Reference numeral 91 is a wind speed detec- 
tor for detecting the speed of wind acting onto the blade 
1 , 90 is a motor control device. The motor control device 
90 calculates required active annular plane area and the 
radial blade position corresponding with the required ac- 
tive annular plane area based on the detected signal of 
wind speed inputted from said wind speed detector 91 
as mentioned later, and outputs the result to said motor 
23. 

[0112] Wind flows from the annular plane of area S to 
act on the blades 1 and rotate the rotor 2, then flows out 
guided by the periphery of the rear case 5. The rotating 
force of the rotor 2 is transmitted via the rotor shaft to 
drive the driven machinery such as a generator. 
[01 1 3] Next, the controlling of radial movement of said 
blade 1 will be explained. 

[0114] The wind speed detected by said wind speed 
detector 91 is inputted to said motor control device 90. 
In the motor control device 90 are set beforehand a re- 
lation 1 which is the relation between the output of the 



wind turbine P, wind speed V, and active annular plane 
area S as shown previously by equation (2) and a rela- 
tion 2 which is the relation between the limit wind speed 
which induces fatigue failure of the rotating elements 
5 such as the blades and rotor and active annular plane 
area S. 

[0115] When it is judged by the motor control device 
90 that with present radial position of blades the detect- 
ed wind speed is smaller than the wind speed for out- 
putting required power of the wind turbine, the active an- 
nular plane area and radial blade position required to 
output the required power under the detected wind 
speed are calculated, and the motor control device 90 
outputs a signal to said motor 23 to move the blades to 
the calculated radial position. 

[0116] The motor 23 rotates the pinion 11 via the bevel 
gear 20 by the amount corresponding to the signal from 
the motor control device 90. The screw bar 1 0 is rotated 
by the rotation of the pinion, and the sleeve 16 moves 
along the screw bar 1 0 to move the blade 1 in a radial 
outward direction via the links 12 and 13, resulting in 
increased active annular plane area. 
[0117] By this operation, the active annular plane area 
is adjusted for the wind turbine to output the required 
output. 

[0118] Further, when the detected wind speed ex- 
ceeds said limit speed, the motor control device 90 cal- 
culates the active annular plane area and radial blade 
position corresponding thereto for the limit wind speed 
and output a signal to the motor 23 to move the blades 
to the calculated radial position. 
[0119] The motor 23 moves the blade 1 in radial in- 
ward direction via the bevel gear 20 pinion 1 1 , screw bar 
10, sleeve 16, and links 12 and 13 to reduce the active 
annular plane area. 

[0120] By this operation, active annular plane area is 
adjusted for the wind turbine to be operated within the 
range of wind active annular plane area with which the 
occurrence of fatigue failure can be evaded. 
[0121] As mentioned above, according to the first em- 
bodiment, the blades are moved in radial outward direc- 
tions to increase active annular plane area as detected 
wind speed decreases, and the blades are moved in ra- 
dial inward directions to decrease active annular plane 
area as detected wind speed increases. By controlling 
the radial position of the blades like this, the wind turbine 
can be operated so that the output as high as possible 
is obtained while evading the occurrence of fatigue fail- 
ure of the rotating components such as the blades and 
rotor under the present wind speed. 
[0122] Referring to FIG.3 showing the second embod- 
iment, a supporting element 41 is provided in the center 
of a rotor 2, and the supporting element 41 and the slid- 
ing portion 1 a of each blade 1 are connected by an ex- 
tendible and contractible link mechanism composed of 
a pair of link set 31 , 37 and 34, 42 connected by means 
of pins 33, 35, 44, and 33, 43, 44. 
[0123] A screw bar 32 is provided between a bracket 
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38 and 36, which are fixed to each of the links 31 for 
adjacent two blades, an end side of the screw bar 32 
being screwed into a nut 39 fixed on said bracket 38, 
the other end side being supported for rotation by said 
bracket 36. At the end of this other end side is fixed a 
pinion 40 which is rotated by a motor 45 via a pinion 
fixed to the shaft of the motor 45. 
[0124] With the second embodiment, when said 
screw bar 32 is shifted, for example, in the direction of 
arrow Y by rotating the pinion 40 the rotation of the motor 
45, said pair of link set 34, 42 and 31 , 37 are made nar- 
rower and the blade 1 is moved in. the radial direction of 
arrow Z. 

[01 25] By this operation , the protrusion of the blade 1 
from the outer circumference of the rotor 2 is increased 
and the active annular plane area increases. To de- 
crease the active annular plane area, said pinion 40 is 
rotated in the reverse direction to make the pair of link 
set 34, 42 and 31 , 37 opened wider by means of the 
screw bar 32 and the blade 1 is moved radially inward. 
[0126] In the case of the third embodiment shown in 
FIG. 4, a supporting element 57 is provided in the center 
of the rotor 2, and two rings, an inner ring 56 and an 
outer ring 54 capable of reverse rotation relative to each 
other are provided. Said supporting element 57, said 
outer ring 54, and the sliding portion 1a of the biade 1 
are connected by two links 52 and 58 via pins 53 and 
59 : and said inner ring 56 and said sliding portion 1 a of 
the biade 1 are connected by a link 51 via pins 50 and 53. 
[0127] According to the third embodiment, when said 
inner ring 56 is rotated for example in the direction of 
arrow W, the left-side link 52, 58 and the right-side link 
51 are made narrower and the blade 1 is moved in the 
radial direction of arrow X. 

[0128] By this operation, the protrusion of the blade 1 
from the outer circumference of the rotor 2 is increased 
and the active annular plane area increases. To de- 
crease the active annular plane area, said inner ring 56 
is rotated in the reverse direction to made the left-side 
link 52, 58 and the right-side link 51 opened wider to 
move the blade 1 radially inward. 
[0129] In the 4 th embodiment shown in FIG .5, refer- 
ence numeral 105 is a slider receiver fixed to the rotor 
2 with its center axis passing through the center of the 
rotor 2, and 1 03 is a slider inserted in said slider receiver 
1 05 reciprocation, a screw hole 1 03a being provided at 
the center of the slider 1 03. 

[0130] Reference numeral 101 is a motor, 102 is a 
screw bar fixed to the output shaft of the motor 1 01 , the 
screw bar 102 being screwed into the screw hole 1 03a 
of said slider 103. 

[01 31 ] A link 1 07 is fixed to the inside end of the sliding 
portion 1 a of the blade 1 . 

[0132] Reference numeral 1 06 is a swing link, an end 
thereof being formed into a spherical or cylindrical 
shape and received in a spherical or cylindrical bearing 
part 104 provided in said slider 103 so that the swing 
link 1 06 can swing around the bearing part 1 04. The oth- 



er end part of the swing link 1 06 has an elongated hole 
1 08 through which the swing link is connected to the link 
107 fixed to the blade 1 via a pin 109. 
[0133] Reference numeral 111 is a supporting Jink fit- 
5 ted for reciprocation to said screw bar 1 02. Reference 
numeral 110 is a link receiver fitting to said swing link 
106 to guide the swing link 106. The lower end part of 
the link receiver 11 0 is connected to the outer end part 
of said supporting link 111 via a pin 114. Reference nu- 

10 meral 1 1 2, 1 1 3 are stoppers provided on said screw bar 
1 02 at a spacing, said supporting link being capable to 
reciprocate between the stoppers112, 113. Two set of 
link mechanisms are configured to adjust the radial 
blade position of two blade as shown in FIG. 5. 

*5 [0134] With this construction of the 4 th embodiment, 
when the screw bar 102 is rotated for example in the 
direction of arrow N by the motor 101, the slider 103 
moves along the slider receiver 105 to the direction of 
arrow M, the swing links 1 06 swing around the bearing 

20 parts 1 04 in the direction of arrows L guided by the link 
receiver 110, and the links 1 07 move to the direction of 
arrows J guided by the elongated holes 1 08 to move the 
blades 1 radially inward respectively. 
[0135] By this operation, the protrusion of the blade 1 

25 from the outer circumference of the rotor 2 is decreased 
and the active annular plane area decreases. When the 
screw bar 1 02 is rotated in the reverse direction, the pro- 
trusion of the blade 1 from the outer circumference of 
the rotor 2 is increased and the active annular plane ar- 

30 ea increases. 

[0136] The 5 th embodiment shown in FIG. 7, 8 is a 
case the present invention is applied to a darrieus type 
wind turbine. In the drawing, reference numeral 61 is a 
turbine shaft erected upright. Reference numeral 75 are 

35 screw bars erected upright parallel to the vertical turbine 
shaft 61 in neighboring position of both sides of the shaft 
61 . Each of the screw bars 75 has right-hand thread 
parts 75a and left-hand thread parts 75b cut by turns 
along the bar. 

40 [0137] Reference numeral 66 are a plurality of sup- 
porting elements provided along the direction of axis of 
the turbine shaft 61 (three supporting elements in this 
example), and a plurality of sets of blades 60 are pro- 
vided between the adjacent supporting elements 66 and 

45 they are attached to the elements 66 by means of pins 
69. The blades 60 are provided along the turbine shaft 
61 in one stage or in a plurality of stages(in two stages 
in the example). 

[0138] Three pairs (one pair or a plurality of pairs are 
50 acceptable) of shifting elements 62, 63 are provided. 
One of each pair has a right-hand female screw thread 
on both end sides, each of the female screw thread be- 
ing engaged with the right-hand thread part 75a of each 
of said screw bars 75. The other of each pair has a left- 
55 hand female screw thread on both end sides, each of 
the female screw thread being engaged with the left 
-hand thread part 75b of each of said screw bars 75. 
each one of the pair moves in the direction contrary to 
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each other by the rotation of the screw bars. Each of the 
shifting elements 62, 63 is attached to the turbine shaft 
61 by means of a key 77 so that the elements can be 
moved in the direction of the axis of the screw bar 75 
but is not rotatable. Links 76, 64 compose a pair of links 
connecting said supporting element 66 to said pair of 
shifting elements 62, 63 via pins 67, 68 and 65, 70. 
[0139] Said turbine shaft 61 is supported for rotation 
by a case 71 fixed on the ground via bearings 72 and 
73. Reference numeral 74 is a electric generator driven 
by the wind turbine. 

[0140] Referring to FIG. 8, reference numeral 78 is a 
motor, 79 is a output shaft gear of the motor 78, the out- 
put shaft gear 79 meshing with -the screw bar gear 80 
fixed to the lower end part of one of said screw bars 75. 
Sprocket 81 is fixed to the lower end part of each of the 
screw bars 75, and a chain 82 runs between the sprock- 
ets. The rotating force of said motor 78 is transmitted by 
the chain 82 so that the rotation speed of both screw 
bars is the same. 

reference numeral 91 is a wind speed detector for 
detecting the speed of wind acting on the wind turbine. 
Reference numeral 90 is a motor control device, which 
calculates required active annular plane area of the 
blades 60 and the blade radial position corresponding 
to the required annular plane area based on the detect- 
ed wind speed inputted from the wind speed detector 
91 and controls the motor driving according to the meth- 
od described later. 

[0141] With the 5 th embodiment, when the detected 
wind speed is inputted from said wind speed detector to 
the motor control device 90, the motor control device 90 
calculate the required active annular plane area of the 
blades 60 and the blade radial position corresponding 
to the required annular plane area based on the detect- 
ed wind speed for the detected wind speed. 
[0142] The control of the active annular plane area of 
the blades 60 and the blade radial position is performed, 
similarly in the case of the first to third embodiment, so 
that the blades 60 are moved in radial outward direction 
to increase the active annular plane area of the blades 
60 as the detected wind speed decreases, and the 
blades 60 are moved in radial inward direction to de- 
crease the active annular plane area of the blades 60 
as the detected wind speed increases. 
[0143] To move the radial position of blades 60 out- 
ward when detected wind speed decreases, the motor 
78 is driven by the control signal from said motor control 
device 90 to rotate the left and right bar 75, 75 in syn- 
chronism with each other via the output shaft gear 79, 
screw bar gear 80, chain 82, and sprocket 81 , and the 
elements 62 and 63 of the shifting element pair, each of 
which is engaged with the right-hand thread part 75a 
and the left-hand thread part 75b of the screw bars 75 
respectively, are caused to be drawn nearer. By this ac- 
tion, the supporting elements 66 supporting the blades 
60 are moved radially outward via the pairs of links 64 
and the radius of rotation of the blades 60 is increased. 



[01 44] To move the radial position of blades 60 inward 
when detected wind speed increases, the motor 78 is 
driven to rotate in the reverse direction, the elements 62 
and 63 of the shifting element pair, each of which is en- 
5 gaged with the right-hand thread part 75a and the left- 
hand thread part 75b of the screw bars 75 respectively, 
are caused to be drawn remoter. By this action, the sup- 
porting elements 66 supporting the blades 60 are moved 
radially inward via the pairs of links 64 and the radius of 

10 rotation of the blades 60 is decreased. 

[0145] According to the 1 st ~~ 5 th embodiments, it is 
possible to control the radial position of blades 1 so that 
the radius of the radial blade position is increased by 
moving the blades radially outward as wind speed de- 

15 creases and it is decreased by moving the blades radi- 
ally inward as wind speed increases. By controlling the 
radial position of the blades like this, the wind turbine 
can be operated so that the output as high as possible 
is obtained while evading the occurrence of fatigue fail- 

20 ure of the rotating components such as the blades and 
rotor under the present wind speed. 
[0146] Here, referring to FIG. 14 showing a wind tur- 
bine to which the present invention is applied, reference 
numeral 1103 is a rotor having a plurality of blades 100 

25 (three blades in this example) attached on the periphery 
thereof at an equal spacing in the circumferential direc- 
tion and having a rotor shaft 1 1 02 fixed to the rear end 
thereof. Said blades 100 is composed of a blade body 
part 102 fixed to said rotor 1103 and a variable length 

30 blade part 1 01 which is attached to said blade body part 
102 capable of being moved radially in the direction of 
blade length. Reference numeral 1101 is a support for 
supporting the wind turbine. 

[0147] Referring to FIG, 9 showing the 6 th embodi- 
es ment, reference numeral 101 is a variable blade length 
part formed in an extendible and contractible bellows 
shape, which configured as follows. 
[0148] Reference numeral 101a is a hull formed in a 
bellows shape in the direction of blade length, 103a, 
40 1 03b, 1 03 c are air chambers in said hull 1 01 a, each of 
the air chambers being an independent chamber sepa- 
rated by partition walls 104. As shown in FIG. 9(B), hull 
1 01 a is formed in a profile such that the shape of cross 
section perpendicular to the blade length direction is a 
45 form capable of effecting aerodynamic lift. A top cover 
1 1 4 covers the top of the hull 1 01 a. 
[0149] Reference numeral 108 is a wire passing 
through the air chambers 1 03a, 103b, and 103c, 113 is 
a wire drum winding said wire 1 08, 1 0 is a motor for ro- 
50 tating the wire drum 1 1 3 to push or draw the wire 1 08 in 
the blade length direction. Reference numeral 107 are 
seal elements provided between the outer surface of the 
wire 108 and partition walls 104 for sealing each of the 
air chambers 103a, 103b, and 103c. 
55 [0150] Reference numeral 111 is an air supplying de- 
vice for producing pressurized air, 109 is a flexible air 
tube connected to the air outlet of the air supplying de- 
vice, the tube 1 09 being made of rubber or soft synthetic 
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resin, etc. The flexible air tube 109 is configured so that 
it can be moved or deformed as the variable length blade 
part 101 expands or contracts. Reference numeral 105 
are air supply openings of the parts branched off from 
flexible air pipe 109, each of the openings communicat- 
ing to the air chamber 1 03a, 1 03b, and 1 03c respective- 
ly. Reference numeral 106 are air valves for opening/ 
closing said air supply openings 105. Reference numer- 
al 1 07' are seal elements for sealing the air chambers 
103a, 103b, 103c. 

[0151] Reference numeral 112 is an air control device 
which controls the opening/closing of said air valves 1 06 
and also controls the operation of said air supplying de- 
vice 111. 

[0152] With the 6 th embodiment, when wind speed 
decreases, the air supplying device 111 is operated to 
produce required air pressure according to the signal 
from the air control device 112 and the air valves 106 
are opened to supply pressurized air from the air sup- 
plying device 1 1 1 to the air chambers 1 03a, 1 03b, 1 03c. 
On the other hand, the wire drum 113 is rotated by the 
motor 111 to draw out the wire 108. 
[0153] By this operation, the volume of each air cham- 
ber 1 03a, 1 03b, and 1 03c is increased, and the variable 
blade length part 101 formedin a bellows shape is ex- 
tended radially outward resulting in increased diameter 
of the blade tip, and therefore active annular plane area 
is increased. 

[0154] When wind speed increases, air pressure of 
the air supplying device 1 11 is reduced or the air pres- 
sure is released and some or all of the air valves 106 
are closed to reduce the pressure of some or all of the 
air chambers 103a, 103b, and 103c. 
[0155] On the other hand, the wire drum 113 is rotated 
in the reverse direction to rereel the wire 108 to draw 
the top cover 1 1 4 fixed to the extremity of the wire 1 08. 
[0156] By the operation, the volume of each air cham- 
ber 103a, 103b, and 103c decreases, and the variable 
blade length part formed in a bellows shape is contract- 
ed in inward resulting in decreased diameter of the blade 
tip, and therefore active annular plane area is de- 
creased. 

[0157] According to the 6 th embodiment, the effective 
length of the variable length part 101 , accordingly the 
effective length of blade can be varied to vary active an- 
nular plane area, by supplying pressurized air from the 
air supplying device 111 by way of a flexible air tube 1 09 
or exhausting the air to or from the air chambers 1 03a, 
1 03b, and 1 03c, which are formed in the variable blade 
length part 1 formed in a bellows shape extendible and 
contractibie in the radial direction of the rotor 1103, 
through opening/closing the air Valves 106 by the com- 
mand from the air control device 112 and at the same 
time by varying the diameter of the blade tip through ex- 
tending or contracting i the variable blade length part 1 01 
by drawing out or in by means of a motor 110 the wire 
1 08 connected to the top cover 1 1 4 fixed to the top end 
of the variable blade length part 101 . 



[0158] By this, active annular plane area can be ad- 
justed to an optimal area in correspondence with wind 
conditions even in the operation of the wind turbine, and 
the operation of the wind turbine can be performed so 
5 that the output is a maximum within the condition capa- 
ble of evading the occurrence of fatigue failure of the 
rotating components such as the blades and rotor. 
[0159] in FIG. 10 showing the 7 th embodiment, a 
blade 1 00 is divided into two to a blade body 1 02 fixed 
to said rotor 1103 and a variable length blade part 120 
which define a part of blade from the middle to the tip of 
the blade 100. 

[0160] Reference numeral 131 is a link fixed to the 
bottom part 129 of the variable blade length part 120. 
The link 131 and variable blade length part 120 can 
swing around a supporting shaft 132 guided by a guide 
face 133 formed in the blade body 102, the supporting 
shaft 132 being fixed to said blade body 102 and sup- 
porting an end side of said link 131 for rotation. 
[0161] Reference numeral 121 is a reversible motor, 
122 is a pinion fixed to the end part of the output shaft 

121 a of the motor 121 . Reference numeral 123 is a rack 
meshing with said pinion 122, 124 is an actuating shaft 
connected to the rack 1 23, 1 25 is a bearing for support- 
ing the actuating shaft by the blade body 102. 
[01 62] Reference numeral 1 28 is a link for connecting 
the end part of the actuating shaft 124 to the other end 
part of the link 131 via pins 1 27 and 30. 
[0163] With the 7 th embodiment, when the pinion 122 
is rotated in the normal or reverse direction of rotation 
by the motor 1 21 , the rack 1 23 meshing with the pinion 

122 and the actuating shaft 124 fixed to the rack 123 
are reciprocated in the directions shown by double ar- 
row Y. By the reciprocating motion of the actuating shaft, 
the link 131 is allowed to swing around the supporting 
shaft 132 via the link 128. By this, the variable blade 
length part 120 of which the bottom part 129 is fixed to 
the link 131 swing together with the link 131 around the 
supporting shaft 132 along the guide face 133. 
[01 64] That is, when the actuating shaft 1 24 is moved 
upward by the rotation of the motor 121. the link 1 31 and 
variable blade length part 1 20 are erected as shown with 
solid line in the drawing resulting in increased tip diam- 
eter of the variable blade length part 1 20. When the mo- 
tor 121 is rotated in the reverse direction to move down 
the actuating shaft 124, the link 131 and variable blade 
length part 120 are swung in the direction of arrow 2 of 
the drawing to be tilted as shown with chain line in the 
drawing resulting in decreased tip diameter of the vari- 
able blade length part 120. 

[0165] As described above, according to the 7 th em- 
bodiment, the projected area of the surface of revolution 
of the blade in the direction of the axis of rotation of the 
rotor, i.e. active annular plane area is changeable by 
changing the tilt angle of the variable blade length part 
1 20 through swinging the variable blade length part 1 20 
which is supported via the link 131 for rotation by the 
supporting shaft 132, around the supporting shaft 132 
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by means of the link 1 31 . 

[0166] Referring to FIG. 11 showing the 8 th embodi- 
ment, a blade 100 is divided in two to a blade body 1 02 
fixed to said rotor 11 03 and a variable length blade part 

140 which define a part of blade from the middle to the 
tip of the blade 100. 

[0167] Reference numeral 1 48 is a pair of slide bear- 
ing fixed to the bladecbody 102. The sliding part 146 
formed at the lower portion of the variable length blade 
part 1 40 is fit to sliding surfaces of the pair of slide bear- 
ings 148 for sliding in the longitudinal direction of blade. 
[0168] Reference numeral 141 is a reversible motor, 
142 is a pinion fixed to the end part of the output shaft 

141 a of the motor 141 . Reference numeral 143 is rack 
meshing with said pinion 142. Reference numeral 144 
is an actuating shaft connected to the rack 1 43, the other 
end side of which being fixed to the bottom part of the 
variable length blade part 140, Reference numeral 145 
is a bearing for supporting the actuating shaft 1 44 by the 
blade body 1 02 for rotation. 

[01 69] With the 8 th embodiment, when the pinion 1 42 
is rotated by the reversible motor 141 in the normal or 
reverse direction, the actuating shaft 143 fixed to the 
rack 143 meshing with the pinion 142 is allowed to re- 
ciprocate in the direction of double arrows W. By the re- 
ciprocation of the actuating shaft 144, the variable 
length blade part 140 slides in the longitudinal direction 
of blade guided by the pair of slide bearings 148. 
[0170] That is, when the actuating shaft 144 is moved 
upward by the rotation of the motor 1 41 , the variable 
length blade part 140 moves radially outward to be in- 
creased in tip diameter thereof. 

[0171] When the actuating shaft 144 is pulled down 
by the rotation of the motor 1 41 in the reverse direction, 
the variable length blade part 1 40 moves radially inward 
by stroke S to the position shown with chain line in the 
drawing, resulting in decreased tip diameter of the var- 
iable length blade part 140. 

[0172] As described above, according to the 8 th em- 
bodiment, the active annular plane area of the blade 1 00 
is changeable by sliding the variable length blade part 
140 fit for sliding in the blade body 1 02. 
[0173] Referring to FIG. 12 showing 9 th embodiment, 
a screw bar 1 61 having a male screw thread cut in the 
end portion is connected to the output shaft 1 51 a of the 
motor 151, and said thread is engaged in a shaft with 
female screw thread 1 62 fixed to the bottom part of the 
variable length blade part 140. 

[0174] With the 9 th embodiment, when the screw bar 
161 is rotated by the motor 151 for example in a clock- 
wise direction, the shaft with female screw thread 162 
and the variable length blade part 140 fixed thereto 
moves radially outward as shown with solid line in the 
drawing to increase the tip diameter of the variable 
length blade part 140. When the motor 151 is rotated in 
the reverse direction to rotate the screw bar 161 in a 
counterclockwise direction, the variable length blade 
part 140 moves radially inward by stroke S to the posi- 



tion shown with chain line in the drawing resulting in de- 
creased tip diameter of the variable length blade- part 
140. 

[0175] The configuration other than described above 
5 is the same as the 8 th embodiment and components 
same as the 8 th embodiment are marked with the same 
reference numerals. 

[0176] In the 10 th embodiment shown in FIG. 13, a 
blade 1 00 is divided in two to a blade body 1 02 fixed to 
io said rotor 1103 and a variable length blade part 150 
which define a part of blade from the middle to the tip of 
the blade 100. 

[0177] Said variable length blade part 150 is com- 
posed of a front core 156 made of hard material such 

is as a metal pipe, a rear core 158 made of wire of soft 
material, and a blade shell 1 57 made of flexible thin plate 
such as high strength cloth and defining a blade profile 
between the front core 156 and rear core 158 as shown 
in FIG. 13 (B), the front core 156 being extended down- 

20 ward in the longitudinal direction of the blade to form an 
actuating shaft 154. 

[0178] The actuating shaft 154 extending from the 
front core 156 is fit in a bearing part 155 formed in the 
blade body 1 02 for sliding in the longitudinal direction of 
25 the blade. Reference numeral 1 59 is a space formed in 
the blade body for accommodating the variable length 
blade part 150. 

[0179] Reference numeral 151 is a reversible motor, 
152 is a pinion fixed to an end part of the output shaft 
30 1 51 a of the motor 151. Reference numeral 1 53 is a rack 
meshing with the pinion . Said actuating shaft 1 54 is con- 
nected to the rack 153. 

[0180] When changing the tip diameter of blade, the 
front core 156 of the variable length blade part 150 is 
35 moved along the bearing part 1 55 formed in the blade 
body 1 02 within the range of stroke S by the rotation of 
the motor 1 51 via the pinion 1 52 , rack 1 53, and actuating 
shaft 154. 

[01 81 ] With the 1 0 th embodiment, blade profile of the 

40 variable length blade part 150 is defined by the blade 
shell 1 57 of flexible material covering between the front 
core 1 56 and rear core 1 58 , so the variable length blade 
part 150 is light weighted and it can be folded parallel 
to the longitudinal direction of the blade. 

45 [0182] Referring to FIG.1 6 showing the configuration 
of the whole of the 1 1 th embodiment, reference numeral 
1103 is a rotor having apluralityof blades 100 (threeb- 
lades inthis example) attached on the periphery thereof 
at an equal spacing in the circumferential direction and 

50 having a rotor shaft 1102 fixed to the rear end thereof. 
Said blades 1 00 is composed of a blade body part 102 
fixed to said rotor 1 1 03 and a variable length blade part 
140 which is attached to said blade body part 102 ca- 
pable of being moved radially in the direction of blade 

55 length. Reference numeral 1101 is a support for sup- 
porting the wind turbine. 

[0183] Reference numeral 201 is a blade stress de- 
tector for detecting stresses acting on said blade 1 00. It 
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detects the maximum stress occurred in the blade 100 
by means of a strain gage stuck on the position where 
the maximum stress occurs. Reference numeral 202 is 
a wind speed detector for detecting the speed of wind 
acting on the wind turbine. Reference numeral 203 is a 
load detector for detecting the load of the wind turbine 
such as generator load, which is the output of the wind 
turbine. 

[0184] Reference numeral 204 is a rotation speed de- 
tector for detecting rotation speed of the rotating com- 
ponents of the wind turbine including the rotor 1 1 03. The 
detected signals of said stress detector201 , wind speed 
detector 202, load detector 203, and rotation speed de- 
tector 204 are inputted to a blade length control device 
205. 

[0185] Reference numeral 141 is a reversible motor, 
207 Is a motor controller about which is detailed later. 
[0186] In FIG. 17 showing the construction of said 
blade 100, the blade 100 is divided in two to a blade 
body 102 fixed to said rotor 1 103 and a variable length 
blade part 1 40 which define a part of blade from the mid- 
dle to the tip of the blade 1 00. 

[01 87] Reference numeral 1 48 is a pair of slide bear- 
ing fixed to the blade body 102. The sliding part 146 
formed at the lower portion of the variable length blade 
part 1 40 is fit to sliding surfaces of the pair of slide bear- 
ings 148 for sliding in the longitudinal direction of blade. 
[0188] Reference numeral 141 is a reversible motor, 
142 is a pinion fixed to the end part of the output shaft 
141a of the motor 141. Reference numeral 143 is rack 
meshing with said pinion 142. Reference numeral 144 
is an actuating shaft connected to the rack 1 43, the other 
end side of which being fixed to the bottom part of the 
variable length blade part 140. Reference numeral 145 
is a bearing for supporting the actuating shaft 1 44 by the 
blade body 1 02 for rotation. 

[0189] Reference numeral 205 is a blade length con- 
trol device the operation of which is detailed later, 207 
is a motor control device for controlling the operation of 
the motor 141 receiving a control signal from the blade 
length control device 205. 

[0190] Next, the control operation of the wind turbine 
of the 11 th embodiment will be explained. 
[0191] Referring to FIG. 15, reference numeral 205 is 
a blade length control device. The detected wind speed 
signal from the wind speed detector 202 is inputted to a 
wind speed comparing section 255 of the blade length 
control device 205, the detected rotation speed signal 
from the rotation speed detector 204 is inputted to a ro- 
tation speed comparing section 256, the detected load 
signal from the load detector 203 is inputted to a load 
comparing section 257, and the detected stress signal 
from the blade stress detector 203 is inputted to the 
stress comparing section 258. 

[0192] Reference numeral 251 is a permissible wind 
speed setting section where the permissible wind speed 
acting on the wind turbine, i.e. optimal wind speed, 
which is determined based on the stresses of the rotat- 
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ing components including the rotor 1 00 and the perform- 
ance of the wind turbine. Reference numeral 252 is a 
permissible rotation speed setting section where the 
permissible rotation speed of the rotating components 
s of the wind turbine, i.e. optimal rotation speed, which is 
determined based on the stresses of the rotating com- 
ponents including the rotor 100 and the performance of 
the wind turbine. Reference numeral 253 is a permissi- 
ble load setting section where the optimal load by the 
generator, etc. (optimal output of the wind turbine) , 
which is determined based on the stresses of the rotat- 
ing components including the rotor 1 00 and the perform- 
ance of the wind turbine. Reference numeral 254 is a 
permissible stress setting section where the maximum 
permissible stress acting on the rotor 100 is set. 
[0193] The wind speed comparing section 255 calcu- 
lates the deviation of the detected wind speed signal 
from the maximum value set beforehand in the permis- 
sible wind speed setting section 251 and inputs the wind 
speed deviation(result of comparison) to an optimal ac- 
tive annular plane area calculating section 259. The ro- 
tation speed comparison section 256 calculates the de- 
viation of the detected rotation speed signal from the 
optimal rotation speed set beforehand in the permissible 
rotation speed setting section 252 and inputs the rota- 
tion speed deviation (result of comparison) to the opti- 
mal active annual plane area calculating section 259. 
The load comparing section 257 calculates the deviation 
of the detected load signal from the optimal load set be- 
forehand in the permissible load setting section 253 and 
inputs the load deviation (result of comparison) to the 
optimal active annual plane area calculating section 
259. The stress comparing section 258 calculates the 
deviation of the detected stress signal from the permis- 
sible blade stress set beforehand in the permissible 
stress setting section 254 and inputs the blade stress 
deviation (result of comparison) to the optimal active an- 
nual plane area calculating section 259. 
[0194] The optimal active annual plane area calculat- 
ing section 259 calculates the active annular plane area 
when one or a plurality of the deviations are zero or near 
zero (Here, near zero means that the detected blade 
stress is smaller than the permissible blade stress by a 
small value.), in other words, calculates the active an- 
nular plane area to be adjusted to the area with which 
the wind turbine is operated under the optimal operation 
condition concerning wind speed, rotation speed, or 
load. The optimal operation condition for example con- 
cerning rotation speed means that the wind turbine is 
operated with rotation speed at or near the permissible 
rotation speed. 

[0195] Or the optimal active annual plane area calcu- 
lating section 259 calculates the active annular plane 
area when the blade stress deviation is zero or near zero 
and at the same time any one or a plurality of the wind 
speed deviation, rotation speed deviation, and load de- 
viation, which are deviations of operating conditions, are 
zero or near zero. 
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[0196] This means that the optimal active annual 
plane area calculating section 259 calculates the active 
annular plane area with which the wind turbine is oper- 
ated under optimal operating condition, i.e. with a max- 
imum output power within permissible blade stress by 
monitoring and controlling the deviations of operating 
conditions and the deviation of the blade stress. 
[0197] An optimal blade length calculating section 
260 calculates the value of the length of the variable 
length blade part 140 to be adjusted corresponding to 
the value of active annular plane area to be adjusted 
inputted from the optimal active annular plane area cal- 
culating section 259. 

[0198] A motor rotation angle calculating section 261 
calculates the rotation angle of the motor to be rotated 
in order to adjust the length of blade by the value input- 
ted from the optimal blade length calculating section 
260. 

[01 99] Therefore, the blade length control device 205 
decreases the length of the variable length blade part 
1 40 to decrease active annular plane area when detect- 
ed wind speed is higher than the permissible wind 
speed, and increases the length of the variable length 
blade part 140 to increase active annular plane area 
when detected wind speed is lower than the permissible 
' wind speed. 

[0200] The blade length control device 205 decreases 
the blade length to decrease active annular plane area 
when the detected rotation speed is higher than the per- 
missible rotation speed, and increases the blade length 
to increase active annular plane area when the detected 
rotation speed is lower than the permissible rotation 
speed. 

[0201 ] The blade length control device 205 decreases 
the blade length to decrease active annular plane area 
when the detected load is heavier than the permissible 
load, and increases the blade length to increase active 
annular plane area when the detected load is lower than 
the permissible load. 

[0202] The blade length control device 205 decreases 
the blade length to decrease active annular plane area 
when the detected blade stress is higher than the per- 
missible blade stress, and increases the blade length to 
increase active annular plane area when the detected 
stress is lower than the permissible load, in addition to 
controlling the blade length in correspondence to wind 
speed, rotation speed, and load. 
[0203] The rotation angle signal for rotating the re- 
versible motor 141 calculated in the motor rotation angle 
calculating section 261 is inputted to the motor control 
device 207, which allows the motor 141 to rotate by an 
angle corresponding to said rotation angle signal. 
[0204] As shown in FIG. 17 which shows an example 
of adjusting blade length in the case of the embodiment 
of FIG. 1 1 , when the pinion 142 is rotated in the normal 
or reverse direction by the reversible motor 141, the rack 

1 43 meshing with the pinion 1 42 and the actuating shaft 

144 fixed to the rack 143 reciprocates in the direction of 



double arrow W. By the reciprocating movement of the 
actuating shaft 144, the variable length blade part 140 
fixed to the actuating shaft 144 slides in the in the lon- 
gitudinal direction of blade with the sliding portion 146 

5 guided along the slide bearing 148. 

[0205] That is, when the actuating shaft 1 44 is moved 
upward by the rotation of the motor 141, the variable 
length blade part 140 moves radially outward to be in- 
creased in tip diameter thereof. 

10 [0206] When the actuating shaft 144 is pulled down 
by the rotation of the motor 141 in the reverse direction, 
the variable length blade part 1 40 moves radially inward 
by stroke S to the position shown with chain line in the 
drawing, resulting in decreased tip diameter of the var- 

15 iable length blade part 140. 

[0207] Therefore, according to the embodiment, the 
active annular plane area of the blade 1 00 can be varied 
by sliding the variable length blade part 140 fit in the 
blade body 1 02 for sliding upward or downward in FIG. 

20 17. 

[0208] As described above, according to the 1 1 th em- 
bodiment, the output of the wind turbine can be main- 
tained always in the maximum output level by controlling 
the active annular plane area so that the area is optimal 
25 in correspondence to the operating conditions of the 
wind turbine such as wind speed, rotation speed and 
load of the wind turbine by means of operation control 
through the blade length control device 205. 
[0209] Further, as it becomes possible to control the 
30 length of variable length blade part 140 so that the active 
annular plane area is optimal for both the permissible 
values of wind speed, rotation speed and load of the 
wind turbine and the permissible value of blade stress, 
the occurrence of excessive stress in the rotating com- 
35 ponents of the wind turbine dueto rapid increase of wind 
speed and load, etc. is evaded and fatigue failure of the 
rotating elements can be prevented. 
[0210] Therefore, the wind turbine can be operated 
while always automatically controlling the length of the 
40 variable length blade part 1 40 so that the occurrence of 
fatigue failure of the rotating components such as the 
blades 100 and rotor 1103, and at the same time the 
wind turbine is operated with the optimal active annular 
plane area which ensures a maximum output of the wind 
^5 turbine within the range capable of evading the fatigue 
failure. Accordingly, the operation of wind turbine is pos- 
sible with an optimal maximum output with elongated 
fatigue life of the rotating elements such as the blades 
and rotor. 

so [0211] Referring to FIG.1 8 ~ 20 showing the 12 th em- 
bodiment, reference numeral 1101 is a support, 304 is 
a nacelle supported on said support 1101 via a well 
known yaw control device (not shown in the drawing) for 
rotation around the axis of rotation 350a of the nacelle, 
55 an electric generator 307 being accommodated in the 
nacelle 304. Reference numeral 1102 is a turbine shaft 
connecting a rotor head 350 to the generator 307, 309 
is a bearing for supporting the turbine shaft 11 02 by the 
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nacelle 304. 

[0212] A plurality of connecting elbows(three of el- 
bows in this example) is attached to said rotor head 350 
at an equal spacing in the circumferential direction by 
the means described later, and a blade is attached to 
each of the connecting elbows 301 . 
[0213] Although the wind turbine is configured in a 
downwind type with the rotor head 350 and blades 1 00 
positioned down the wind from the axis of rotation 1 1 05a 
of the nacelle, it is suitable to configure the wind turbine 
in an upwind type with the rotor head 350 and blades 
1 00 positioned toward the wind from the axis of rotation 
1105a of the nacelle. 

[021 4] Reference numeral 300 is a blade tilting mech- 
anism as described below. 

[0215] Reference numeral 301 is a connecting elbow, 
a hollow tube (it may be a solid body) bent by an angle 
p in the plane perpendicular to the axis of rotation 350a 
of the rotor head 350 into L like shape. Said angle |3 is 
suitable to be 90° , however, it bay be an obtuse angle 
between 90° and about 120°. 

[0216] Referring to FIG. 20 showing the structure of at- 
taching part of the connecting elbow 301 for attaching 
to the rotor head 350, reference numeral 302 is an ex- 
ternal ring gear fixed to the lower part of the connecting 
elbow 301 concentric with the axis of rotation 301a 
thereof. Reference numeral 303 is a pinion fixed to the 
end part of the output shaft 304a of a driving motor 304 
and meshes with the ring gear 302. 
[0217] Reference numeral 305 is a bearing attached 
between the inner periphery of the ring gear 302 and the 
outer periphery of the rotor head 350. An end of the con- 
necting elbow 301 is foxed to the ring gear 302, and they 
are rotatable about the center axis of 300a of the rotor 
head 350 via the bearing 305. 

[0218] The blade 100 is attached to the other end of 
the elbow 301 for rotation as described below. 
[0219] Referring to Fig. 21 showing the detail of a pitch 
angle controlling device 330, reference numeral 333 is 
an external ring gear fixed to the lower end of the blade 
100, 334 is a bearing attached between the inner pe- 
riphery of the ring gear 333 and the other end of the 
connecting elbow 301 . The blade 100 is rotatable rela- 
tive to the connecting elbow 301 via the bearing 334 to 
adjust blade pitch angle to a desired angle. 
[0220] Reference numeral 331 is a pitch angle control 
motor fixed to the connecting elbow near the periphery 
of the other end thereof by means of a bracket 335. Ref- 
erence numeral 332 is a pinion fixed to the output shaft 
of the pitch angle control motor 331 and meshes with 
the external ring gear 333. 

[0221] Therefore, in the pitch angle control device 
330, the ring gear 333 is rotated by the pitch angle con- 
trol motor 331 via the pinion 332 and the blade 100 fixed 
to the ring gear 333 can be fixed in the desired pitch 
angle position. 

[0222] With this construction, maintainability of the 
pitch angle control device 330 is enhanced as the ring 



gear 333 is of a external gear. 

[0223] Returning to FIG. 20, reference numeral 306 
is a motor control device for controlling the driving motor 
304, 321 is a wind speed detector for detecting the wind 
s speed acting on the blades 1 00, and 360 is a controller 
which calculates the tilt angle of the connecting elbow, 
i.e. the tilt angle a of the blade 1 00 based on the detect- 
ed wind speed from the wind speed detector 321 and 
output the result to the motor control device 306. 
[0224] When operating the wind turbine of the 12 th 
embodiment, the detected wind signal of the wind speed 
acting on the blade is inputted to a average wind speed 
calculating section 361 of the controller 360 as shown 
in FIG. 22. 

[0225] The average wind speed calculating section 
361 calculates average wind speed V during a deter- 
mined time period and input it to a wind turbine output 
calculating section 363. 

[0226] Reference numeral 362 is a wind speed/output 
setting section where is set a lower limit average wind 
speed V 2 and a higher limit wind speed V v When aver- 
age speed V is lower than V 2 the tilt angle a of the blade 
100 (see FIG. 19) is kept to zero, that is the blade tilt 
position of maximum active annular plane area, when 
average wind speed V is higher than V 1t limit speed of 
higher side, the tilt angle a of the blade 100 is kept to 
the minimum angle to reduce the active annular plane 
area to the minimum. 

[0227] In a wind turbine output power calculating sec- 
tion 363 is set the relations between average wind 
speed V and wind turbine output P as shown in FIG. 22 
(B). Each of the curves a, c, and b shows the relation 
between wind speed and the output of wind turbine with 
constant active annual plane area. 
[0228] When average wind speed V is medium be- 
tween V 2 and V 1p the output P at the intersection of the 
curve c in FIG.22 (B) and the vertical line of the average 
wind speed which is between V 2 and V 1 is selected (cal- 
culated) in the wind turbine output power calculating 
section 363 and said selected (calculated) power P is 
inputted to an active annular plane area calculating sec- 
tion 364. 

[0229] The active annular plane area calculating sec- 
tion 364 calculates the active annular plane area S cor- 
responding to said selected(calculated) wind turbine 
output P and inputs the result to a blade diameter cal- 
culating section 365. The blade diameter calculating 
section 365 calculates the blade tip diameter corre- 
sponding to said calculated active annular plane area S 
and output the result to a blade tilt angle/connecting el- 
bow rotation angle calculating section 366. 
[0230] The blade tilt angle/connecting elbow rotation 
angle calculating section 366 calculates the required tilt 
angle a for realizing said calculated blade tip diameter 
and further calculates the required rotation angle of the 
connecting elbow 301 for realizing the rotation of the 
blade to the position of said tilt angle a, and inputs the 
calculated rotational angle of the connecting elbow 301 
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to the motor control device 306. 
[0231] The motor control device 306 allows the drive 
motor 304 to be rotated to rotate the connecting elbow 
301 to the position of said calculated angle a and to be 
kept in the position. 

[0232] In FIG.22(B), only a single curve c is set for 
average wind velocity V between the lower limit wind 
speed V 2 and higher limit wind speed V t , a plurality of 
curves may be set for a plurality of average wind speed 
ranges between V 2 and V 1 . 

[0233] As described above, according to the 1 2 th em- 
bodiment, when average wind speed V is lower than a 
predetermined lower limit of average wind speed V 2 , the 
active annular plane area is increased to the maximum 
by erecting the blades 100 to the vertical position as 
shown with solid line in FIG. 1 9 to get the most out of the 
wind energy. In this case, as wind speed is low, fatigue 
failure does not occur in the rotating components such 
as the blades 1 00 and rotor head 350 by increasing the 
active annular plane area to increase the energy of wind 
taken in to the wind turbine. 

[0234] When the average wind speed V is higherthan 
predetermined higher limit of average wind speed V 1f 
the tilt angle a of the blades 1 00 is increased as shown 
with chain line in FIG. 1 9 to decrease the active annular 
plane area to evade the occurrence of fatigue failure in 
the rotating components. 

[0235] Further, when wind speed is medium between 
V 2 and the energy of wind taken-in to the wind tur- 
bine is adjusted by changing the tilt angle a of the blades 
100 according to curve c in FIG.22 (B), curve c may be 
a plurality of curves corresponding to a plurality of av- 
erage speed ranges between V2 and V1 as mentioned 
above, and the wind turbine is operated under optimal 
operating condition taking into consideration fatigue fail- 
ure in the rotating components. 

[0236] By this, the operation of the wind turbine is pos- 
sible with the blades set to the position of tilt angle a 
corresponding to an active annular plane area with 
which the output of the wind turbine is maximum within 
the range of evading the occurrence of fatigue failure in 
the rotating components such as the blades 1 00 and ro- 
tor head 350. 

[0237] Further, by changing the distance C in FIG.20, 
that is the distance from the axis of rotation of the con- 
necting elbow 301 to the end face for attaching the blade 
100, the tip diameter of the blade can be changed. 
Therefore, by preparing connecting elbows of different 
length C, active annular plane area can be changed only 
by changing the connecting elbow 301 without prepar- 
ing blades of different blade length. 
[0238] FIG. 23 illustrates schematically the side view 
of wind turbine of the 13 th , 14 th . and 15 th embodiment. 
In the drawing, a plurality of blades 100 are attached to 
a rotor head 350 by means of the mechanism described 
later. Reference numeral 11 01 is a support on the top of 
which a nacelle 304 is mounted by means of a yaw con- 
trol device 41 06 which is well known. In the nacelle 304 



is accommodated an electric generator 307. Reference 
numeral 1 1 02 is a turbine shaft for connecting the rotor 
head 350 to the generator 307, 309 is a bearing for sup- 
porting the turbine shaft 1102 by the nacelle 304. 
5 [0239] Although the wind turbine is configured in a 
downwind type with the rotor head 350 and blades 100 
positioned down the wind from the axis of rotation 1 1 05a 
of the nacelle, it is suitable to configure the wind turbine 
in an upwind type with the rotor head 350 and blades 
10 1 00 positioned toward the wind from the axis of rotation 
1105a of the nacelle. 

[0240] Referring to FIG.23, 24 showing-the 13 th em- 
bodiment, reference numeral 1 00 is the blades attached 
to the rotor head 350 by the means described below, 
three blades being attached as shown in FIG.24 (a plu- 
* rality of blades other than three may be suitable). 
[0241 ] Reference numeral 400 is a blade tilting mech- 
anism composed as follows. 

[0242] Reference numeral 41 03 is a blade link an end 
of which is attached to the blade 1 00 via a pitch angle 
control device 41 02. The a blade link 41 03 is supported 
at its middle part by the forked supporting part 451 
formed at an end part of the rotor head 350 via a sup- 
porting shaft 406 for swinging. 

[0243] Reference numeral 401 is a hydraulic actuator 
fixed to the rotor head 350, the output rod 402 of the 
actuator being movable in the direction of the axis of 
rotation 350a of the rotor head 350, Reference numeral 

403 is a blade link guide having protruded portions in 
each of which a groove is defined for receiving each of 
rollers 405 which is fit for rotation to each of pins 404 
fixed to the other end part of each of the blade links 
4103. 

[0244] With this construction, each blade link 4103, 
accordingly each blade 100 is swung around the sup- 
porting shaft 406 via the blade link guide 403 and roller 

404 when the output rod 402 of the hydraulic actuator 
401 moves in the direction of the axis of rotation of the 
rotor head 350. 

[0245] Reference numeral 421 is a wind speed detec- 
tor for detecting the wind speed acting on the blades 
100, 460 is a controller which calculates the tilt angle 0 
of the blade 1 00 based on the detected wind speed from 
the wind speed detector 421 and outputs the result to 
an actuator control device 420 which drives the hydrau- 
lic actuator 401 on receiving the control signal from the- 
controller 460, and 422 is a hydraulic source of the hy- 
draulic actuator 401 . 

[0246] In the operation of the wing turbine of the 13 th 
embodiment, as shown in FIG. 28, the detected signal 
of the wind speed acting on the blades 1 00 detected by 
the wind speed detector 421 is inputted to an average 
wind speed calculating section 461 , which calculates 
the average wind speed V during a determined time pe- 
riod and inputs the result to a wind turbine output calcu- 
lating section 463. 

[0247] Reference numeral 462 is a wind speed/output 
setting section where is set a lower limit average wind 
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speed V 2 and a higher limit wind speed . When aver- 
age speed V is lower than V 2 the tilt angle 9 of the blade 
1 00 (see FIG.23, 25, 26) is kept to 1 80° , that is the blade 
tilt position of maximum active annular plane area, when 
average wind speed V is higher than V 1( limit speed of 
higher side, the tilt angle 8 of the blade 100 is kept to 
the minimum angle to reduce the active annular plane 
area to the minimum. 

[0248] In a wind turbine output power calculating sec- 
tion 463 is set the relations between average wind 
speed V and wind turbine output P as shown in FIG.28 
(B). Each of the curves a, c, and b shows the relation 
between wind speed and the output of wind turbine with 
constant active annual plane area. 
[0249] When average wind speed V is medium be- 
tween V 2 and the output P at the intersection of the 
curve c in FIG.22 (B) and the vertical line of the average 
wind speed which is between V 2 and V 1 is selected (cal- 
culated) in the wind turbine output power calculating 
section 463 and said selected (calculated) power P Is 
inputted to an active annular plane area calculating sec- 
tion 464. 

[0250] The active annular plane area calculating sec- 
tion 464 calculates the active annular plane area S cor- 
responding to said selected(calculated) wind turbine 
output P and inputs the result to a blade diameter cal- 
culating section 465. The blade diameter calculating 
section 465 calculates the blade tip diameter corre- 
sponding to said calculated active annular plane area S 
and output the result to a blade tilt angle/connecting el- 
bow rotation angle calculating section 466. 
[0251 ] The blade tilt angle calculating section 466 cal- 
culates the required tilt angle G for realizing said calcu- 
lated blade tip diameter and output the result to an ac- 
tuator control device 420, which controls the supply/ex- 
haust of the working fluid to or from the actuator 401 to 
move the output rod 402 so that the blades 1 00 are tilted 
by an angle e calculated based on the average wind 
speed V and allows the blade to be kept in the position 
of the angle G. 

[0252] In FIG.28 (B), only a single curve c is set for 
average wind velocity V between the lower limit wind 
speed V 2 and higher limit wind speed a plurality of 
curves may be set for a plurality of average wind speed 
ranges between V 2 and . 

[0253] As described above, according to the 1 3 th em- 
bodiment, when average wind speed V is lower than a 
predetermined lower limit wind speed V 2 , the active an- 
nular plane area is increased to the maximum by erect- 
ing the blades 1 00 to the vertical position(G = 1 80 0 ) as 
shown with chain line in FIG.23 to get the most out of 
the wind energy. In this case, as wind speed is low, fa- 
tigue failure does not occur in the rotating components 
such as the blades 1 00 and rotor head 350 by increasing 
the active annular plane area to increase the energy of 
wind taken in to the wind turbine. 
[0254] When the average wind speed V is higher than 
higher Limit wind speed V 1 , the tilt angle G of the blades 



100 is decreased as shown with solid line in FIG.23 to 
decrease the active annular plane area to evade the oc- 
currence of fatigue failure in the rotating components. 
[0255] Further, when wind speed is medium between 

5 V 2 and V 1( the energy of wind taken-in to the wind tur- 
bine is adjusted by changing the tilt angle G of the blades 
1 00 according to curve c in FIG.22(B), curve c may be 
a plurality of curves corresponding to a plurality of av- 
erage speed ranges between V2 and V1 as mentioned 

10 above, and the wind turbine is operated under optimal 
operating condition taking into consideration fatigue fail- 
ure in the rotating components. 
[0256] By th is, the operation of the wind turbine is pos- 
sible with the blades set to the position of tilt angle e 

is corresponding to an active annular plane area with 
which the output of the wind turbine is maximum within 
the range of evading the occurrence of fatigue failure in 
the rotating components such as the blades 1 00 and ro- 
tor head 350. 

20 [0257] Referring to FIG.25 showing the 14 th embodi- 
ment, the blade tilting mechanism, which is a modifica-' 
tion of the blade tilting mechanism of FIG.23, 24, is com- 
posed as follows. In the drawing, the same part as that 
of FIG. 23, 24 is marked with the same reference nu- 

25 meral. 

[0258] Reference numeral 41 0 is a servomotor fixed 
to the rotor head 350, the output shaft 411 of the servo- 
motor 41 0 has a male screw thread part 41 2 with which 
the female screw thread of a blade link guide 413 is en- 

30 gaged. The blade link guide 413 has protruded portions 
in each of which a groove is defined for receiving each 
of rollers 405 which is fit for rotation to each of pins 404 
fixed to the other end part of each of the blade links 
4103. the construction other than mentioned above is 

35 the same as that of FIG.23, 24 of the 1 3 th embodiment. 
[0259] With this construction, the blade tilt angle G can 
be changed by the reciprocation of the blade link guide 
41 3 by the rotation of the output shaft 411 of the servo- 
motor 41 0 rotating the servomotor 41 0. 

40 [0260] Referring to FIG. 15 of the 15 th embodiment, 
the blade tilting mechanism is composed as follows. 
[0261] Two blade links 4103 to each of which is fixed 
the blade 1 00 are attached for swinging to the rotor head 
350 via supporting shafts 432 at the front end near the 

45 periphery of the rotor head350. Reference numeral 435 
is a bracket fixed to the rotor head at the front end there- 
of. Ahydraulic cylinder 430 is attached supported via a 
hydraulic cylinder supporting shaft 434 and a pin 433 
between the end part of the bracket 435 and the middle 

50 part of each of the blade links 41 03. 

[0262] The tilt angle, or spread angle e of the blades 
1 00 can be changed by the movement of the rod 431 of 
the hydraulic cylinder 430. The construction other than 
mentioned above is the same as that of FIG.23, 24 of 

55 the 1 3 th embodiment, and the same as that of FIG. 23, 
, 24 is marked with the same reference numeral. 
[0263] With the 15 th embodiment, active annular 
plane area is changeable through changing the spread 
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angle 6 of the blades to adjust active annular plane area 
so that the wind turbine Is operated under the optimal 
condition taking fatigue failure in the rotating compo- 
nents into consideration. 

[0264] As has been described in the foregoing, ac- 5 
cording to the present invention, the blades are moved 
in radial outward directions to increase active annular 
plane area as detected wind speed decreases, and the 
blades are moved in radial inward directions to decrease 
active annular plane area as detected wind speed in- 10 
creases. By controlling the radial position of the blades 
like this, the wind turbine can be operated so that the 
output as high as possible is obtained while evading the 
occurrence of fatigue failure of the rotating components 
such as the blades and rotor under the present wind is 
speed. 

[0265] Therefore, the wind turbine can be operated 
while always automatically controlling blade length so 
that the occurrence of fatigue failure of the rotating com- 
ponents such as the blades and rotor, and at the same 20 
time the wind turbine is operated with the optimal active 
annular plane area which ensures the maximum output 
of the wind turbine within the range capable of evading 
the fatigue failure. Accordingly, the operation of wind tur- 
bine is possible with an optimal maximum output with 25 
elongated fatigue life of the rotiting elements such as 
the blades and rotor. 

[0266] According to the present invention, active an- 
nular plane area can be adjusted to an optimal area in 
correspondence with wind conditions even in the oper- 30 
ation of the wind turbine by changing the effective blade 
length through changing tip diameter of blades by mov- 
ing the blades in the radial direction of the rotor via the 
blade length varying mechanism. 

[0267] By this adjustment, the operation of the wind 35 
turbine can be performed so that the output is the max- 
imum within the condition capable of evading the occur- 
rence of fatigue failure of the rotating components such 
as the blades and rotor. 

[0268] Therefore, the wind turbine can be operated *o 
while always automatically controlling blade length so 
that the occurrence of fatigue failure of the rotating com- 
ponents such as the blades and rotor, and at the same 
time the wind turbine is operated with the optimal active 
annular plane area which ensures the maximum output 45 
of the. wind turbine within the range capable of evading 
the fatigue failure. Accordingly, the operation of wind tur- 
bine is possible with an optimal maximum output with 
elongated fatigue life of the rotating elements such as 
the blades and rotor. so 
[0269] Further, the blade length varying mechanism 
is constructed light in weight and can be provided inside 
the blade, so active annular plane area is variable with- 
out accompanying the increase in the weight of blade. 
[0270] Further, according to the present invention, ac- ss 
tive annular plane area can be controlled so that the 
wind turbine is always operated with optimal output level 
by controlling active annual plane area so that the area 



is optimal for the wind turbine operating conditions such 
as wind speed, rotation speed and load of the wind tur- 
bine through the blade length control device. Therefore, 
the action of an excessively high stress on the rotating 
components of the wind turbine due to a rapid increase 
in wind speed or load is suppressed resulting in the pre- 
vention of fatigue failure of the rotating components. 
[0271] Therefore, the wind turbine can be operated 
while always automatically controlling blade length so 
that the occurrence of fatigue failure of the rotating com- 
ponents such as the blades and rotor and at the same 
time with the optimal active annular plane area which 
insures a maximum of the wind turbine output within the 
range capable of evading the fatigue failure. According- 
ly, the operation of wind turbine is possible with an op- 
timal maximum output with elongated fatigue life of the 
rotating elements such as the blades and rotor. 
[0272] Further, according to the present invention, the 
problem that may occur with conventional wind turbines 
having no adjusting means for adjusting active annular 
plane area, i.e. the occurrence of fatigue failure of the 
rotating components such as the blade and rotor due to 
excessive high speed wind sometimes experienced by 
a gust of wind is prevented, and the wind turbine can be 
operated with a maximum output within the range of 
evading the occurrence of fatigue failure of the rotating 
components such as the blades and rotor by tilting the 
blades through changing the rotation angle of each con- 
necting elbow according to the speed of the wind acting 
on the blades. 

[0273] Therefore, the wind turbine can be operated 
while always automatically controlling blade length so 
that the occurrence of fatigue failure of the rotating com- 
ponents such as the blades and rotor and at the same 
time with the optimal active annular plane area which 
insures a maximum of the wind turbine output within the 
range capable of evading the fatigue failure. According- 
ly, the operation of wind turbine is possible with an op- 
tima! maximum output with elongated fatigue life of the 
rotating elements such as the blades and rotor. Thus, 
the problem of fatigue failure due to excess wind speed 
of a gust of wind is prevented. 

[0274] Further, by changing the distance from the axis 
of rotation of the connecting elbow to the end face there- 
of for attaching the blade, the tip diameter of the blade 
can be changed, so that active annular plane area can 
be changed by preparing several connecting elbows dif- 
ferent in said distance and only changing the connecting 
elbow without preparing blades of different blade length. 
[0275] Further, according to the present invention, by- 
adjusting active annular plane area through changing 
the tilt angle of blade responding to the detected speed 
of the wind acting on the blades, the wind turbine is op- 
erated with an optimal maximum output within the range 
of evading the occurrence of fatigue failure in the com- 
ponents such as blades and rotor. 
[0276] Therefore, the wind turbine can be operated 
while always automatically controlling blade length so 
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that the occurrence of fatigue failure of the rotating com- 
ponents such as the blades and rotor and at the same 
time with the optimal active annular plane area which 
insures a maximum of the wind turbine output within the 
range capable of evading the fatigue failure. According- 5 
ly, the operation of wind turbine is possible with an op- 
timal maximum output with elongated fatigue life of the 
rotating elements such as the blades and rotor. 



Claims 

1 . A wind turbine with an active annual plane area con- 
trol mechanism comprising a plurality of blades at- 
tached to a rotor for transmitting the wind force act- *5 
ing on the blades to the output shaft of the wind tur- 
bine connected to the rotor, wherein said rotor is 
formed in a cylindrical shape, said blades are at- 
tached to said rotor movable in the radial direction 

of the rotor, a blade shifting mechanism is connect- 20 
ed to the roots of said blades for reciprocating said 
blades in the radial direction, and active annular 
plane area is changeable by moving said blades in 
the radial direction through said blade shifting 
mechanism. 25 

2. The wind turbine with an active annual plane area 
control mechanism according to claim 1 , wherein 
said rotor has radial fit holes located at an equal 
spacing in the circumferential direction, said blades 30 
are received in said radial fit holes for reciprocation, 
and said blade shifting mechanism is provided in 

the hollow of said rotor. 

3. The wind turbine with an active annual plane area 35 
control mechanism according to claim 1 , wherein a 
wind speed detector for detecting the speed of the 
wind acting on said blades and a control device 
which receives the detected wind speed from said 
wind speed detector, calculates a desired active an- 40 
nular plane area and the radial position correspond- 
ing to said active annual plane area on the basis of 
said detected wind speed, and outputs the result to 
said blade shifting mechanism. 

45 

4. The wind turbine with an active annual plane area 
control mechanism according to claim- 2, wherein 
said blade shifting mechanism comprises a plurality 
of screw bars received for rotation in radial holes 
provided in the cylindrical wall of said rotor, sleeves 50 
each of which is engaged with each of the screw 
bars, links each of which connects each of said links 
and said blades, pinions each of which is fixed to 
each of said screw bars at the inner side part there- 
of, and a driving gear meshing with said pinions and 55 
driven by a driving device such as a motor; and said 
blades are reciprocated in the radial direction 
through the expansion or contraction of said links 



resulting from the shifting of said sleeves by the ro- 
tation of said screw bars when said driving gear is 
rotated by said driving device. 

5. The wind turbine with an active annual plane area 
control mechanism according to claim 2, wherein 
said blade shifting mechanism comprises a sup- 
porting element located in the center part of said 
rotor; pairs of links capable of being expanded or 
contracted, each pair connecting the root of each 
blade to said supporting element, screw bars each 
connecting one side of each of said pairs of links, 
and driving devices such as motors for rotating said 
screw bars; and the radial position of said blades is 
changeable by expanding or contracting said pairs 
of links through rotating said screw bars by said 
driving devices. 

6. The wind turbine with an active annual plane area 
control mechanism according to claim 2, wherein 
said blade shifting mechanism comprises two rings, 
an outer ring and an inner ring, provided concentric 
with the center axis of said rotor rotatable in the di- 
rection contrary to each other, pairs of links capable 
of being expanded or contracted, each pair con- 
necting the root of each blade to the outer ring with 
one of the pair and to the inner ring with the other 
of the pair, a driving device for rotating said two rings 
in the direction contrary to each other, and a sup- 
porting element located in the center part of said 
rotor and supports one of said rings; and said 
blades can be reciprocated in the radial direction by 
expanding or contracting said pairs of links through 
rotating said rings in the direction contrary to each 
other. 

7. The wind turbine with an active annual plane area 
control mechanism according to claim 2, wherein 
said blade shifting mechanism comprises a slider 
received in a slider receiver fixed to the rotor 2 for 
sliding in the radial direction of the rotor, the slider 
having a screw thread hole directed in the radial di- 
rection, links each of which has a curved convex 
surface at an end thereof to be engaged in a convex 
of curved surface formed in said slider receiver to 
be supported for swinging, the other end having an 
elongated hole through which the link is connected 
to the lower end part of the blade via a pin fixed to 
said lower end part, a screw bar engaged with said 
screw thread hole of said slider, and a driving device 
such as a motor for rotating said screw bar; and the 
blades can be reciprocated in the radial direction 
via said elongated hole and said pin engaging in 
said hole by moving said slider in the radial direction 
in said slider receiver through rotating said screw 
bar by the rotation of said driving device. 

8. A wind turbine with an active annual plane area con- 



23 



45 



EP 1 327 773 A2 



46 



trol mechanism of darrieus type wind turbine which 
has supporting elements provided along a vertical 
wind turbine shaft and a stage or a plurality stages 
of a plurality of sets of blades each of which is sup- 
ported by said supporting elements at both ends 5 
thereof and located along said vertical wind turbine 
shaft, said wind turbine shaft being rotated by the 
aerodynamic lift effected by the wind acting on said 
blades, wherein said supporting elements are ca- 
pable of being shifted in the radial direction perpen- 
dicular to said wind turbine shaft, a blade shifting 
mechanism is provided for changing the radial po- 
sition of said set of blades by shifting said support- 
ing elements in the radial direction, by which the ra- 
dius of rotation of said blades can be changed. 

9. The wind turbine with an active annual plane area 
control mechanism according to claim 8, wherein 
are provided a wind speed detectorfor detecting the 
speed of the wind acting on said wind turbine and 
a control device which calculates the desired active 
annular plane area and the shift amount to realize 
said desired active annular plane area and allows 
the blades to be shifted in radial outward directions 
by shifting said supporting elements through said 
blade shifting mechanism in orderto increase active 
annual plane area as said detected wind speed de- 
creases, allows the blades to be shifted in radial in- 
ward directions in order to decrease active annual 
plane area as said detected wind speed increases. 

10. The wind turbine with an active annual plane area 
control mechanism according to claim 8, wherein 
said blade shifting mechanism comprises screw 
bars erected upright parallel to said vertical wind 
turbine shaft, each screw bar having right-hand and 
left-hand screw thread parts cut by turns along the 
bar, one or a plurality of pairs of shifting elements, 
one of the pair being engaged with the right-hand 
or left-hand threads of the two screw bars and the 
other being engaged on the contrary with the left- 
hand or right-hand threads of the two screw bars so 
that the pair of the shifting elements move in the 
direction contrary to each other by the rotation of 
said screw bars in the same direction, pairs of links 
each for connecting each supporting element to 
each of the pair of shifting elements, and a driving 
device for rotating said screw bars; and the blades 
can be shifted in the radial direction by shifting said 
supporting elements in the radial direction through so 
allowing the pair of shifting elements to move in the 
direction contrary to each other by rotating said 
screw bars in the same direction by said driving de- 
vice, said supporting elements being shifted in the 
radial direction by means of said pair of links con- 55 
necting itself to the pair of shifting elements. 

11. The wind turbine with an active annual plane area 



control mechanism according to claim 10, wherein 
a driving device is connected to an end side of one 
of said screw bars and said shifting elements en- 
gaging with said screw bars are moved simultane- 
ously. 

1 2. An operating method of the wind turbine with an ac- 
tive annual plane area control mechanism compris- 
ing a plurality of blades attached to a rotor for trans- 
mitting the wind force acting on the blades to the 
output shaft of the wind turbine connected to the ro- 
tor, wherein the speed of the wind acting on the wind 
turbine is detected, and the blades attached to the 
rotor capable of being moved in the radial direction 
of the rotor are moved in radial outward directions 
to increase active annular plane area as the detect- 
ed wind speed decreases and the blades are moved 
in radial inward directions to decrease active annu- 
lar plane area as the detected wind speed increas- 
es. 

1 3. An operating method of the wind turbine with an ac- 
tive annual plane area control mechanism of dar- 
rieus type wind turbine which has supporting ele- 
ments provided along a vertical wind turbine shaft 
and a stage or a plurality stages of a plurality of sets 
of blades each of which is supported by said sup- 
porting elements at both ends thereof and located 
along said vertical wind turbine shaft, said wind tur- 
bine shaft being rotated by the aerodynamic lift ef- 
fected by the wind acting on said blades, wherein 
the wind turbine is constructed so that the radial po- 
sition of the blades is changeable by shifting the 
supporting elements in the radial direction perpen- 
dicular to the vertical turbine shaft, the speed of the 
wind acting on the blades is detected, and the 
blades are moved in radial outward directions by 
means of said supporting elements to increase ac- 
tive annular plane area as the detected wind speed 
decreases and the blades are moved in radial in- 
ward directions to decrease active annular plane ar- 
ea as the detected wind speed increases. 

14. A wind turbine with an active annual plane area con- 
trol mechanism comprising a plurality of blades at- 
tached to a rotor for transmitting the wind force act- 
ing on the blades to the output shaft of the wind tur- 
bine connected to the rotor, wherein each of said 
blades is configured so that blade length can be 
changed in the total length of the blade or in a cer- 
tain length from the middle up to the tip of the blade, 
a blade length adjusting mechanism is provided for 
adjusting the blade length of each of the blades, and 
active annular plane area are changeable by 
changing the radial position of the blades relative to 
the rotor by said blade length adjusting mechanism. 

15. The wind turbine with an active annual plane area 
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control mechanism according to claim 14, wherein 
each of said blades is formed in a bellows shape 
expansible and contractible in the radial direction of 
the rotor, a plurality of air chambers which air is sup- 
plied to or exhausted from being formed inside said s 
bellows-shaped blade continuously in the direction 
of blade length, and said blade length adjusting 
mechanism is composed of an air supply device for 
producing pressurized air and an air tube for sup- 
plying the pressurized air to each of said air cham- 10 
bers, the tube connecting said air supply device to 
each air chamber and being movable in the blade 
length direction as said bellows-shaped blade ex- 
pands or contracts. 

15 

16. The wind turbine with an active annual plane area 
control mechanism according to claim 15, wherein 
are provided air valves attached to said air tube for 
opening or closing outlets of the air into each of said 

air chambers and an air control device for control- 20 
ling the opening and closing of said air valves and 
the operation of said air supply device. 

17. The wind turbine with an active annual plane area 
control mechanism according to claim 15, wherein 25 
are provided a flexible string such as wire connect- 
ed to the top of the blade and a flexible string driving 
device for expanding or contracting the blade by 
drawing out or in the flexible string in the blade 
length direction to change the blade tip diameter. so 

18. The wind turbine with an active annual plane area 
control mechanism according to claim 1 4, wherein 
each of said blade is divided into a variable length 
blade part and a blade body fixed to the rotor and 35 
connecting to the root of said variable length blade 
part, said variable length blade part is supported by 
said blade body capable of being tilted around the 
supporting shaft of the variable length blade part, 
and said blade length adjusting mechanism is com- 40 
posed as a blade tilting mechanism for tilting said 
variable length blade part 

around said supporting shaft by a driving device by 
means of a link mechanism. 

45 

19. The wind turbine with an active annual plane area 
control mechanism according to claim 14, wherein 
each of said blade is divided into a variable length 
blade part and a blade body fixed to the rotor and 
connecting to the root of said variable length blade so 
part, said variable length blade part is received in 

the guide hole of said blade body capable of being 
moved in the direction of blade length, and said 
blade length adjusting mechanism is composed as 
a blade reciprocating device for reciprocating the 55 
variable length blade part guided along said guide 
hole by a reversible driving device such as a revers- 
ible motor in order to change the blade tip diameter. 



20. The wind turbine with an active annual plane area 
control mechanism according to claim 19, wherein 
each of said variable length blade parts has a rack 
fixed to the lower end thereof, and said blade recip- 

' rocating device is composed such that a pinion 
which meshes with said rack is fixed to the output 
shaft of said reversible driving device to convert the 
rotating motion of the reversible driving device to 
the reciprocating motion of the variable length blade 
part. 

21. The wind turbine with an active annual plane area 
control mechanism according to claim 19, wherein 
each of said variable length blade parts has a shaft 
with female screw thread fixed to the lower end 
thereof, and said blade reciprocating device is com- 
posed such that a screw bar which engages in the 
female screw thread of said shaft is fixed to the out- 
put shaft of said reversible driving device to convert 
the rotating motion of the reversible driving device 
to the reciprocating motion of the variable length 
blade part. 

22. The wind turbine with an active annual plane area 
control mechanism according to claim 14, wherein 
each of said blades is divided into a variable length 
blade part and a blade body fixed to the rotor and 
connecting to the root of said variable length blade 
part, said variable length blade part is composed of 
a front core made of hard material such as a metal 
pipe extended downward in the direction of blade 
length to form an actuating shaft part, a rear core 
made of wire of soft material, and a blade shell 
made of flexible material defining a blade profile be- 
tween said front core and rear core, said actuating 
shaft part of the front core is received for sliding in 
the direction of blade length in a bearing hole pro- 
vided in the blade body, and said blade reciprocat- 
ing device is composed as a blade reciprocating de- 
vice for reciprocating said variable length blade part 
through reciprocating said actuating shaft part of 
the front core by means of a reversible driving de- 
vice such as a reversible motor. 

23. A wind turbine with an active annual plane area con- 
trol mechanism comprising a plurality of blades at- 
tached to a rotor for transmitting the wind force act- 
ing on the blades to the output shaft of the wind tur- 
bine connected to the rotor, wherein each of said 
blade is divided into a variable length blade part and 
a blade body fixed to the rotor and connecting to the 
root of said variable length blade part, and there are 
provided operating conditions detectors for detect- 
ing the operating conditions of the wind turbine, a 
blade length controller for comparing the detected 
signals of the operating conditions inputted from 
said operating conditions detectors with predeter- 
mined permissible values of operating conditions 
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and calculating the amounts of active annular plane 
area and blade length to be adjusted for optimal op- 
eration based on the result of comparisons, and a 
blade length adjusting mechanism for changing 
blade length based on the calculated blade length 5 
inputted from said blade length controller. 

24. The wind turbine with an active annual plane area 
control mechanism according to claim 23, wherein 

a blade stress detector is provided for detecting the 10 
stress occurred in the blade, and said blade length 
controller is composed so that the amounts of active 
annular plane area and blade length to be adjusted 
for optimal operation are calculated based on both 
the result of comparison of the signal of detected 15 
blade stress with a predetermined permissible val- 
ue of blade stress and the result of comparisons of 
the detected signals of the operating conditions with 
predetermined values of operating conditions and 
the calculation result is outputted to said blade 20 
length adjusting mechanism. 

25. The wind turbine with an active annual plane area 
control mechanism according to claim 23, wherein 
said operating condition detectors include at least 25 
one among a wind speed detector for detecting the 
speed of the wind acting on the wind turbine, a ro- 
tation speed detector for detecting the rotation 
speed of a rotating component of the wind turbine 
including the rotor, and a load detector for detecting 30 
the load of the wind turbine, and said blade length 
controller compares the signal of detected wind 
speed from said wind speed detector with a prede- 
termined permissible value of wind speed, or com- 
pares the signal of detected rotation speed from 35 
said rotation speed detector with a predetermined 
permissible value of rotation speed, or compares 

the signal of detected load from said load detector 
with a predetermined permissible value of load, cal- 
culates the amounts of active annular plane area 40 
and blade length to be adjusted for optimal opera- 
tion concerning at least one among wind speed, ro- 
tation speed, and load, and outputs the result to said 
blade length adjusting mechanism. 

45 

26. The wind turbine with an active annual plane area 
control mechanism according to claim 23, wherein 
said operating condition detectors include at least 
one among a wind speed detector for detecting the 
speed of the wind acting on the wind turbine, a ro- 50 
tation speed detector for detecting the rotation 
speed of a rotating component of the wind turbine 
including the rotor, and a load detector for detecting 

the load of the wind turbine, a blade stress detector 
is provided for detecting the stress occurred in the 55 
blade, and said blade length controller compares 
the signal of detected blade stress inputted from 
said blade stress detector with a predetermined 



permissible stress, and compares the signal of de- 
tected wind speed from said wind speed detector 
with a predetermined permissible value of wind 
speed, or compares the signal of detected rotation 
speed from said rotation speed detector with a pre- 
determined permissible value of rotation speed, or 
compares the signal of detected load from said load 
detector with a predetermined permissible value of 
load, calculates the amounts of active annular plane 
area and blade length to be adjusted for optimal op- 
eration concerning at least one among wind speed, 
rotation speed, and load while maintaining the 
blade stress at or near the predetermined permis- 
sible stress, based on the result of said compari- 
sons and outputs the result to said blade length ad- 
justing mechanism. 

27. An operating method of the wind turbine with an ac- 
tive annual plane area control mechanism compris- 
ing a plurality of blades attached to a rotor for trans- 
mitting the wind force acting on the blades to the 
output shaft of the wind turbine connected to the ro- 
tor, wherein the operating condition of the wind tur- 
bine is detected, the detected operating condition 
signals are compared with predetermined permis- 
sible values, the amounts of active annular plane 
area and blade length to be adjusted for optimal op- 
eration concerning the operation condition are cal- 
culated, and the blade length is changed so that ac- 
tive annular plane area becomes equal to said cal- 
culated value through composing such that each 
blade is being configured so that blade length can 
be changed in the total length of the blade or in a 
certain length from the middle up to the tip of the 
blade. 

28. The operating method of the wind turbine with an 
active annual plane area control mechanism ac- 

. cording to claim 27, wherein the blade stress is de- 
tected, the detected signal of the blade stress is 
compared with a predetermined permissible blade 
stress, the amounts of active annular plane area 
and blade length to be adjusted for optimal opera- 
tion concerning both said operation condition and 
said blade stress are calculated, and the blade 
length is changed according to the calculation re- 
sult. 

29. A wind turbine with an active annual plane area con- 
trol mechanism comprising a plurality of blades at- 
tached to a rotor head for transmitting the wind force 
acting on the blades to the output shaft of the wind 
turbine connected to the rotor head, wherein each 
blade is attached to an end side of a connecting el- 
bow of a certain bent angle, the other end side is 
attached to the periphery of the rotor head for rota- 
tion, an connecting elbow driving device is provided 
for rotating each of said connecting elbows, and the 
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blades can be tilted in the direction of the axis of the 
rotor head to adjust active annular plane area. 

30. The wind turbine with an active annual plane area 
control mechanism according to claim 29, wherein s 
are provided a wind speed detector for detecting the 
speed of the wind acting on the blades, and a con- 
troller which calculates average wind speed during 

a certain period of time from the wind speed detect- 
ed continuously by said wind speed detector and 10 
the tilt angle of the blades optimal for the average 
wind speed and controls said connecting elbow 
driving device so that the blades are tilted to the cal- 
culated angle. 

15 

31. The wind turbine with an active annual plane area 
control mechanism according to claim 29, wherein 
said connecting elbow driving device comprises a 
ring gear fixed to said other end of the connecting 
elbow concentric with the axis of rotation thereof, a 20 
pinion meshing with the ring gear, a reversible mo- 
tor for rotating the pin ion, and a motor control device 

for controlling the rotation of the motor according to 
the output signal from said controller. 

25 

32. An operating method of the wind turbine with an ac- 
tive annual plane area control mechanism compris- 
ing a plurality of blades attached to a rotor head for 
transmitting the wind force acting on the blades to 

the output shaft of the wind turbine connected to the 30 
rotor head, wherein the speed of the wind acting on 
the blades is detected, average wind speed during 
a certain period of time is calculated from the wind 
speed detected continuously by said wind speed 
detector, the active annual plane area optimal for 35 
the average wind speed is calculated, and the rota- 
tion angle of said connecting elbows is adjusted so 
that active annular plane area becomes equal to 
said calculated value through composing such that 
each blade is attached to each of a plurality of con- 40 
necting elbows attached to the rotor head for rota- 
tion so that the blade is capable of being tilted in the 
direction of the axis of rotation of the rotor head by 
rotating said connecting elbow. 

45 

33. A wind turbine with an active annual plane area con- 
trol mechanism comprising a plurality of blades at- 
tached to a rotor head for transmitting the wind force 
acting on the blades to the output shaft of the wind 
turbine connected to the rotor head, wherein are so 
provided a blade tilting mechanism for tilting the 
blades in the direction of the axis of rotation of the 
rotor head to change active annular plane angle. 

34. The wind turbine with an active annual plane area 55 
control mechanism according to claim 33, wherein 

are provided a wind speed detector for detecting the 
speed of the wind acting on the blades, and a con- 



troller which calculates average wind speed during ' 
a certain period of time from the wind speed detect- 
ed continuously by said wind speed detector and 
the tilt angle of the blades optimal for the average 
wind speed and controls said blade tilting mecha- 
nism so that the blades are tilted to the calculated 
angle. 

35. The wind turbine with an active annual plane area 
control mechanism according to claim 33, wherein 
said blade tilting mechanism comprises a fluid pres- 
sure actuators fixed to the rotor head so that the 
output shaft thereof moves in the direction of the 
axis of rotation of the rotor head, and a plurality of 
blade link each of which is supported via the sup- 
porting shaft fixed to the rotor head for swinging, an 
end part of each link being connected to the output 
shaft of said fluid pressure actuator and the other 
end being connected to each blade, and the tilt an- 
gle of the blades can be changed by swinging said 
blade link around said supporting shaft through the 
reciprocation of the output shaft of said fluid pres- 
sure actuator. 

36. The wind turbine with an active annual plane area 
control mechanism according to claim 33, wherein 
said blade tilting mechanism comprises a servomo- 
tor fixed to the rotor head and having an output shaft 
having a male screw thread part, and a plurality of 
blade links each of which is supported via the sup- 
porting shaft fixed to the rotor head for swinging, an 
end part of each link being connected to a blade link 
guide engaged with the male screw thread of the 
output shaft of said servomotor, the other end being 
connected to each blade, and the tilt angle of the 
blades can be changed by swinging said blade link 
around said supporting shaft through the rotation of 
the output shaft of said servomotor. 

37. The wind turbine with an active annual plane area 
control mechanism according to claim 33, wherein 
said blade tilting mechanism comprises a plurality 
of blade links each of which is supported via the 
supporting shaft fixed to the rotor head for swinging, 
and fluid pressure actuators each bridging between 
the protrusion extending from the center of the end 
of the rotor head and each blade link for changing 
the blade tilt angle in the direction of the axis of ro- 
tation of the rotor head by the extension and con- 
traction of said actuator. 

38. An operating method of the wind turbine with an ac- 
tive annual plane area control mechanism compris- 
ing a plurality of blades attached to a rotor head for 
transmitting the wind force acting on the blades to 
the output shaft of the wind turbine connected to the 
rotor head, wherein the speed of the wind acting on 
the blades is detected, average wind speed during 
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a certain period of time is calculated from the wind 
speed detected continuously by said wind speed 
detector, the active annual plane area optimal for 
the average wind speed is calculated, and the rota- 
tion angle of said connecting elbow is adjusted so 
that active annular plane area becomes equal to 
said calculated value through composing such that 
each blade is capable of being tilted in the direction 
of the axis of rotation of the rotor head. 
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